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Testing for sound lost between 
talephone receiver and ear. Many 
subjects were used in these tests. 





How to compensate for 
acurl...and add to 
‘your telephone value 











Bell scientists know that the tele- 
phone is not used under ideal labo- 
ratory conditions. There is never a 
perfect seal between receiver and 
user’s ear. A curl may get in the 
way, or the hand relax a trifle. And 
ears come in many shapes and sizes. 
So some sound escapes. 


Now, sound costs money. To de- 
liver more of it to your ear means 
bigger wires, more amplifiers. So Bell 
Laboratories engineers, intent on a 
thrifty telephone plant, must know 
how much sound reaches the ear, 
how much leaks away. They mounted 
a narrow “sampling tube” on an or- 


dinary handset. The tube extended 
through the receiver cap into the ear 
canal. As sounds of many frequen- 
cies were sent through the receiver, 
the tube picked up a portion, and 
sent it through a condenser micro- 
phone to an amplifier. That sam- 
pling showed what the ear received. 

As a result, Bell scientists can 
compensate in advance for sound 
losses— build receivers that give 
enough sound, yet with no waste. 
That makes telephone listening al- 
ways easy and pleasant. 

It’s another example of the way 
Bell Te¥ephone Laboratories work 
to keep your telephone service one 
of today’s biggest bargains. 


BELL 
TELEPHONE 


LABORATORIES 


%\ Working continually to keep your telephone 
Automatic recorder plots sound pressures devel- / service big in value and low in cost 
oped in the ear canal at different frequencies. ‘ 








Engineering Education and the Requirements 
of Industry * 


By HAROLD S. OSBORNE 
Chief Engineer, American Telephone and Telegraph Company 


Introductory 


/ What I have to say about engineering 
lducation and the requirements of indus- 
ity is naturally colored by my long ex- 
rience in the Bell Telephone System. 
believe, however, there is much in the 
Mxperience of the Bell Companies which 
is similar to that of other big companies 
in so far as this discussion is concerned. 
| The Bell Companies have on their staffs 
‘about 10,000 graduates of engineering 
eolleges, and since the war have been 
@mploying about 750 a year. Engineers 
@e prominent in administrative and op- 
ting work as well as in technical work. 
Of the 230 top operating jobs in the Sys- 
m, including the presidents, operating 
lee presidents, chief engineers and the 
Other principal officials dealing with all 
hases of operations, 45 per cent are held 
y engineering graduates, 25 by other col- 
graduates, and 30 per cent by men 
o had either no college training or only 
partial college training. 
) Let me acknowledge at the outset the 
Relp which I have had from twenty-five 
the most recent engineering graduates 
M my own department in deciding what 
ints to include in this discussion. They 
are all men who, before being invited to 
fin my department, had already indi- 
led unusual ability in their profes- 
al work—for the most part, work in 
e Engineering Departments of the Op- 


| * Presented before a joint meeting of the 
Hlectrical Engineering Division and Division 
f Relations with Industry at the Annual 
ieeting of the ASEE, Seattle, Washington, 
fine 20, 1950. 


erating Telephone Companies of the Bell 
System. These men come from 20 dif- 
ferent engineering colleges in all parts of 
the country. Most of them graduated 
throughout the decade of the 40’s The 
most recent ones graduated in 1947. 

The subject of engineering education 
and the requirements of industry has been 
frequently and ably discussed in the meet- 
ings of this association. I am in entire 
agreement with much of what has been 
said. Accordingly, I shall pass over 
rather quickly or omit altogether some im- 
portant aspects of the subject. This is 
partly a recognition of the vastness of the 
subject, and partly a doubt of my ability 
to add much that is new to what has 
been said already. 

General Qualities 

In particular, I shall discuss only 
very briefly the effect of college training 
on what a man is, as contrasted with the 
professional tools with which he is 
equipped. While professional training is 
important, of far greater importance to 
the suecess of the young engineer are his 
intellectual capacity, his health, and his 
character. 

Of the first of these, intellectual ca- 
pacity, I will say nothing here. Of the 
second, health, I will merely comment that 
in many cases health is an important 
factor in limiting a man’s promotion to 
increased responsibilities. Health is 
greatly affected by habits of living. Do 
the colleges do all they can to help the 
students appreciate the importance of 
health and develop healthful habits of 
living ? 
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Character 


I am using the term character to desig- 
nate what is probably the most important 
of these three components of what a man 
is. By this term I mean to indicate an 
aggregate of personal qualities which de- 
termine to a large extent a man’s in- 
fluence and effectiveness in working with 
others. They include integrity of thought, 
word, and act. They include both initia- 
tive and consideration for others, ability 
to be aggressive in carrying forward the 
job and at the same time to be coopera- 
tive with other people. 

I believe it is true in other large organi- 
zations as it is in ours that a man’s prog- 
ress in the organization is more fre- 
quently limited by his character than by 
his technical qualifications. There is the 
man who isn’t fully adult and doesn’t 
take responsibility, the man who antago- 
nizes others by assumed authority. There 
is the timid man who does not defend his 
position although he is right, and there 
is the egotist who persists in defending 
his position after he has been proved 
wrong. There is the man who thinks of 
himself more than of the job and the 
man who tries to get the credit for work 
done by others. This very incomplete 
catalog is, I am sure, sufficient to make 
clear the type of consideration of which 
I am speaking. 

What ean the college do about the char- 
acter, so defined, of their students? A 
man’s character represents his adaptation 
to the environment in which he finds him- 
self. During four very formative years 
of a young man’s life, the college provides 
most of this environment. Those boys 
who have a high degree of adaptability 
are influenced in a very important way. 
All are influenced more or less. 

To a large extent, the most important 
influences on character are exercised when 
a man is acting as a member of a group, 
not merely as an individual. This means 
that great importance is to be placed on 
group activities both inside and outside 
the curriculum. 

I was much interested recently to hear 
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the president of a large engineering el. 
lege say that the faculty have concluded 
that the students have too much work in 
the freshman year. 
agree that in spite of the tremendons 
pressure of need to learn more things in 
the course of the college years, in many 
eases there would be advantage in a re- 
duction of the hours required by the eur- 
riculum. I don’t mean by this that the 
men should be given leisure time. The 
purpose would be to give the men more 
time for extra-curricular activities which 
are disciplined, organized, and helpful in 
the development of useful traits of char- 
acter. To bring this about the students 
probably need as much guidance and help 
from the faculty and other college author- 
ities as they do in learning calculus or 
the theory of electrical circuits. 


The Humanities 


I shouldn’t leave the subject of general 
qualities without a word on the much dis- 
cussed subject of the humanities. While 
such courses relate in part to the profes- 
sional training of the engineer, to a 
greater extent they relate to the develop- 
ment of his character and his outlook on 
life. In other words, they relate to gen- 
eral education more than to professional 
training. 

Education is a life-time pursuit. In a 
four-year course about all that can be 
done for the student is to make him de- 
sire an education, so that he will pursue 
it after graduation. This is particularly 
true in an engineering course, where the 
time available for education, as contrasted 
with training, is necessarily very limited. 

This limitation seems to indicate that 
the definite aim of the work in the human- 
ities should be inspirational rather than 
teaching facts. Doesn’t this mean doing 
a first class teaching job in a very limited 
part of the field, rather than making 4 
broader and more superficial coverage. I 
believe the inspiring nature of the work 
is far more important than the amount of 
ground covered or the amount of time de- 
voted to these subjects. 





I am disposed to 4 
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The Professional Tools of the 
Engineering Graduate 


So much for the effect of the engineer- 
ing college on the general characteristics 
of the graduate. I will now say some- 
thing about his professional training. 

It is an axiom that engineering educa- 
tion should be directed toward the funda- 
mentals of professional engineering work. 
As a background for discussing these 
fundamentals, I should like to review 
briefly the kind of work done by the engi- 
neer. 

Generally speaking, the engineer today 
does not need to be a draftsman nor a 
skilled mechanic. If he has this need in 
a specific ease, it is because of the nature 
of his particular job. Training in these 
subjects seems to me comparable to train- 
ing in the specific techniques of communi- 
eation, power, or traction. The student 
should have some appreciation of the 
problems involved, but beyond that can 
searcely spare the time, in a four-year 
course, to learn much about these tech- 
niques. 

In the Bell System Companies not more 
than a fifth of the engineers are working 
on the technical problems of design and 
development of apparatus and equipment. 
This is true in spite of the fact that the 
telephone system depends on advanced 
and complicated techniques to a high de- 
gree. It is true because the results of 
their work have general application, and 
are made available for the repeated use of 
other engineers. 

By far the majority of engineers of 
the Bell System are engaged with operat- 
ing Telephone Companies. Many engi- 
neers are in operating jobs with respon- 
sibilities for running the business. Al- 
though our business is highly technical in 
nature, their direct problems are largely 
of a business character. 

*I do not propose to discuss specifically 
the training of men for these jobs, but 
rather the training of men for engineer- 
ing work. This is the type of work which 
a large proportion of recent engineering 
graduates in our Companies are doing. 
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What I have to suggest, however, will 
help these men to be better prepared 
either for engineering jobs or for other 
types of operating jobs. 

The engineering graduate who enters 
our employ, if he hasn’t had previous ex- 
perience, frequently finds that the engi- 
neering work covers a broader range of 
problems than he had imagined. Much of 
this work is of a type which might be 
called project engineering. It covers the 
whole wide gamut of problems involved, 
for example, in the extension of telephone 
plant. It includes estimates of the amount 
and distribution of future telephone serv- 
ice, and studies of the most economical de- 
sign, amount, location, and timing of ad- 
ditions to the telephone plant so that with 
these additions the plant will take care 
of future service demands. It involves 
the selection and acquisition of land and 
rights of way, erecting buildings designed 
to meet the special technical needs of 
telephone service, designing overhead and 
underground structures for cables. It 
involves designing complicated electrical 
systems consisting of combinations of 
equipment and cables or other media of 
transmission, particularly radio. It in- 
volves coordinating these with the exist- 
ing telephone plant. And as a back- 
ground for all of this, it involves engi- 
neering planning, both long-term and 
short-term, to point the direction of de- 
velopment and establish the ground rules 
for specific projects. 

While my description is in terms of the 
work of the engineers of the Telephone 
Companies, I think the work of a large 
proportion of the engineers in other utili- 
ties and in many other industries is simi- 
larly broad in scope. 

Now, of course, the engineer handling 
these types of work, in an electrical in- 
dustry, must understand the basic laws 
of electricity and magnetism and of other 
branches of physics. However, there are 
a lot of other techniques of the engineer 
with which he must also be familiar. 

These are indicated or suggested in the 
excellent 1940 Report of the Committee 
on Aims and Scope of Engineering Cur- 
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ricula of this society. However, my dis- 
cussions with recent graduates and re- 
view of current catalogues of engineering 
colleges indicate that in many colleges 
some or all of the important subjects are 
not adequately treated. 


Engineering Economy 


Of first importance among these un- 
deremphasized techniques I would place 
those involved in studies of engineering 
economy. The need for this is empha- 
sized in the 1940 report. Nevertheless, 
three-quarters of my young associates 
didn’t receive in college adequate train- 
ing in this subject and half of them had 
no training whatever. A study of cur- 
rent catalogues indicates that much the 
same might be said of the 1950 graduates. 

Engineering economy involves compari- 
sons of the costs of different ways of 
doing a thing, and also comparisons of 
the cost of a project with its value. Com- 
parisons of these types are as basic a 
tool to the engineers as Ohms law. 

Also, engineering economy is not a sim- 
ple subject, but one which is fairly com- 
plicated and technical. It involves com- 
paring dollars spent this year with dol- 
lars to be spent ten years hence, both for 
capital investment and for operating ex- 
pense. It involves integrating over a pe- 
riod of years the economic effects of al- 
ternatives which never become identical 
and making allowance for that lack of 
identity. It involves the immediate effects 
as shown on the books of the Company 
and the long-term effects over a period of 
years. It involves the distinction between 
incremental costs and a full allocation of 
total costs and an accurate realization of 
the proper use and limitations of each of 
these figures. It involves estimates of 
revenues as well as of investment and ex- 
pense and of probable net return. It in- 
volves the realization of the degree of 
reliability and unreliability of such esti- 
mates, how to make the results as reliable 
as possible and how to avoid drawing 
false conclusions. 

Except for a relatively small propor- 
tion of engineers who are engaged in re- 
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search or highly technical development 
work, economic studies are a daily profes- 
sional tool, used not occasionally but con- 
stantly in each step of the engineer’s 
work. I have seen more inaccurate work 
done in this part of the engineer’s job 
than in the parts requiring application of 
the laws of physics. Mistakes in this part 
of the engineer’s work are just as serious 
as any other mistakes. I don’t think an 
engineering course is in balance unless 
the men are thoroughly grounded in this 
subject. 


Elementary Statistics 


The next professional tool which I wish 
to mention might be called elementary 
statistics. Many men have had little or 
no training in methods of determining 
the precision of the results of measure- 
ment or computations. Such training is 
important not only in avoiding unprodue- 
tive work but in developing a point of 
view. If a table of figures is shown to 
three or four digits when one digit is all 
that is significant, conclusions may he 
drawn from numerical differences which 
exist only because of the slight precision 
of figures. 

Sampling is becoming increasingly im- 
portant in engineering work. A similar 
background in elementary statistics is 
necessary for economical and accurate 
sampling. 

It seems to me this subject constitutes 
an engineering tool of sufficient general 
importance to warrant its inclusion in 
engineering courses. 


Engineering Reports 


Another important tool of the engineer 
which I wish to mention is the written re- 
port. Nearly all of my young associates 
believe they would have benefited by more 
training in college in this subject. While 
most of them had training in written 
English, this training was only in varyillg 
degrees related to the kind of writing that 
they must do in their professional work. 
Also the training usually seemed to them 
inadequate in amount. 

The art of writing satisfactory reports 
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has more to it than English composition. 
May I suggest that as a part of this 
training the student should be drilled in 
the general principle that a report, to 
be satisfactory, must be specifically de- 
signed to meet the needs of its audience. 
This means that a report by the young 
engineer, intended for his boss or some 
one higher up in the organization, is often 
in the best form if it consists only of a 
table of figures or a chart with a few 
notes at the bottom. When more text is 
necessary, the engineer should avoid the 
“etective-story” type of report—one 
which must be read all the way through 
to learn the answer. If these and similar 
ideas of how to make the most satisfac- 
tory report under various conditions can 
be taught the engineering students, it 
will help them to make early progress 
after graduation. 


Human Relations 


I have already discussed the importance 
of what I have called character in deter- 
mining how the engineer gets along with 
other people. However, there is a tech- 
nique of human relations which is very 
helpful to the young engineer who knows 
it, Some of the engineering colleges now 
have good courses in this subject but in 
my observation they are relatively few. 
Such a course should help the engineer 
more quickly and effectively to handle a 
variety of ticklish situations than he will 
if it is left to his own good judgment and 
experience to work them out. I think this 
subject may be classed with the others I 
have mentioned as one of the important 
professional tools with which the young 
engineer should be equipped. 

Engineering Planning 

The final subject on which I wish to 
comment is engineering planning. The 
young engineer as he comes into industry 
generally has very little conception of 
what is involved in earrying out the 
broad range of engineering studies of 
this type. 

The term “engineering planning,” as I 
am using it, includes those basic studies, 
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both long-term and short-term, which 
form the background for major decisions 
and which constitute a frame of reference 
for carrying out specific engineering proj- 
ects. Some engineering studies of this 
nature involve large scale fundamental 
plans which will determine a course of 
action and guide the engineering and 
other activities of the organization over a 
long period. Much engineering planning 
deals with shorter term problems or per- 
haps simply with the various major fea- 
tures of a project which must be coordi- 
nated in a complex engineering job. 
Engineering planning thus defined is 
an advanced subject. It involves a high 
development of ability in constructive 
thinking and may be considered one of 
the highest forms of engineering activity. 
Admittedly competence in this kind of 
work is largely to be acquired in the 
school of experience. However, such 
work forms the background for the speci- 
fie jobs given to the young engineer. If 
he is to become a leader he should early 
learn to think in terms of engineering 
planning. This will help him to make 
contributions to the underlying plans 
which guide his work as his increase in 
competence makes this possible. I be- 
lieve, therefore, it is important to the 
young engineer to know from the begin- 
ning that there is such a type of work, to 
understand its important principles and 
to appreciate its uses and its limitations. 
This is not the occasion to develop in 
detail a discussion of engineering plan- 
ning. I want to point out, however, that 
there are certain basic techniques of 
engineering planning which can be taught. 
In many respects engineering planning 
may be considered to be an exercise in 
applied logic. It involves comparisons 
between dissimilar things and evaluating 
the differences in relation to the ends to 
be achieved. It must be inclusive—to be 
sure that all useful alternatives are stud- 
ied, no alternative should be entirely 
overlooked. It involves a critical exami- 
nation of all assumptions. Those which 
have relatively unimportant effects on 
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the conclusions may be treated lightly, 
those which are crucial must be consid- 
ered with great care. 

There is a wide variety of engineering 
plans adapted to different. purposes 
Some are basic plans which point a direc- 
tion. Some describe a future condition 
toward which to work. Some establish 
a program, that is, the specific steps by 
which advance is made from the present 
condition toward a future condition, and 
the timing of these steps. A planning 
project often involves all three of these 
types of plan in varying degrees. The 
engineer must determine the kind and 
scope of planning most useful for a 
given situation. 

What can the engineering school do to 
give young men a start in this advanced 
subject? Let me venture a few sugges- 
tions for your consideration. 

First of all, possibly more planning can 
be made a part of the work now given. 
This is done, for example, in some labora- 
tories where the student is not told what 
to do but is required before he enters 
the laboratory to plan the project in de- 
tail, describe its aims, its methods and the 
apparatus to be used, and to receive ap- 
proval of this plan. 

Lectures by engineers in industry might 
be helpful. Such lectures would describe 
important planning projects in their own 
work and how these projects are carried 
out. It seems to me, however, the faculty 
would need to give a great deal of guid- 
ance to the outside lecturers so that what 
they say will be directed toward engineer- 
ing planning and properly coordinated 
with the curriculum. Such lectures might 
be supplemented by others dealing di- 
rectly with the principles and techniques 
of planning work. 

A further possible step might be to add 
to the curriculum planning projects de- 
signed to train the student in the prin- 
ciples of planning, building upon the 
training of the various technical courses. 
Such projects, limited perhaps to engi- 
neering economy, are described in the 
paper presented by Professor Bell this 
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morning in the session on Engineering 
Keonomy. 

Where a thesis is required, this might 
be made more clearly a planning project. 
Possibly one reason why theses are not 
more popular is that in the past they have 
often required the student to spend large 
amounts of time in repetitious work, ob- 
taining data or making computations, 
This in turn has limited the scope of 
planning work which could be covered. 
If it is possible to so organize the proj- 
ect that the student is relieved of repeti- 
tious work, and the thesis is made pri- 
marily a planning project, it would be- 
come, I believe, one of the most valuable 
parts of his college training. 


Conclusion 


This, gentlemen, concludes the specific 
suggestions which I should like to leave 
with you. 

In brief, I have emphasized the im- 
portance of character, namely of the de- 
velopment of those characteristics which 
help a man in his relations with other 
people. The engineering college needs to 
be of all possible help to the student in 
this matter. 

As to training in the techniques used 
by the engineer, I have expressed the 
view that more attention needs to be 
given to certain important professional 
tools outside the realm of physics. I have 
mentioned engineering economy, elemen- 
tary statistics, engineering reports, the 
techniques of human relations, and the 
art of engineering planning. I believe it 
would be advantageous to give more work 
along these lines at the cost of some fur- 
ther reduction in the amount of training 
the student is given in specialized tech- 
niques. These suggestions seem to me to 
be in line with the 1940 recommendations 
of the Committee on Aims and Scope of 
Engineering Curricula. 

In closing, let me say a word of tribute 
to the work of the engineering colleges. 
I am very much impressed with the high 
qualifications of recent engineering grad- 
uates. My admiration for your produet 
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extreme difficulties of your task. You 
have a fixed length of time in which to 
work and a more or less fixed level of 
mderstanding on the part of your in- 
put. But with the rapidly expanding vol- 
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ume of engineering technique, you are 
supposed to raise the output to ever 
higher and higher levels. Before such a 
problem I can only say: I salute you for 
what you have done and wish you the best 
of luck for the future. 


gu Memoriam 
ROBERT ERNEST DOHERTY 


Dr. Robert Ernest Doherty was born 
January 22, 1885 in Clay City, Illinois 
and died October 19, 1950. 

Before entering the University of Illi- 
nois, where he received a Bachelor of Sci- 
enee degree in 1909, Dr. Doherty worked 
two years as telegraph operator for the 
Baltimore and Ohio Railroad. This and 
earlier experience with electricity steered 
him toward electrical engineering. He re- 
ceived the Master of Science degree from 
Union College in 1920 while working with 
Dr. Charles P. Steinmetz at the General 
Electrie Company. 

In 1931 Dr. Doherty went to Yale Uni- 
versity as Professor and Chairman of 
Electrical Engineering and in 1933 he 
was appointed Dean of the Yale School of 
Engineering, a post which he held until 
1936 when he was elected President of 
Carnegie Institute of Technology. Dr. 
Doherty held this office until his retire- 
ment July 1, 1950. His success at Car- 
negie is summed up in the following cita- 
tion adopted unanimously April 25, 1950 
by the Carnegie Board of Trustees which 
said in part: P 

“When Robert Ernest Doherty came 
from New Haven to Pittsburgh in 1936 
to assume the presidency of Carnegie In- 
stitute of Technology he brought with him 
two gifts that were destined to raise Car- 
negie Tech from its then status of a com- 
paratively unknown conventional engi- 
neering school of average standing to its 
present recognized position of leadership 
among institutions devoted to engineering 
and technical education. 

“The first of these two gifts was a 
Vision; the second, rare qualities of sound 





common sense, inherent sensitive kindli- 
ness, superlative leadership and dynamic 
driving power... .” 

Dr. Doherty played an active role in 
the educational programs of the profes- 
sional engineering societies. In 1943-44 
he served as President of the Society for 
the Promotion of Engineering Education 
(now the American Society for Engineer- 
ing Education). He served on many com- 
mittees of the Society, chief of which were 
the Investigation of Engineering Educa- 
tion, Aims and Scope of Engineering 
Edueation, and Revision of the Constitu- 
tion. 

In 1938-40 Dr. Doherty was Vice- 
Chairman of the Engineers Council for 
Professional Development, and Chairman 
in 1941-43. He also took an active part 
in the Engineers Joint Council. 

Dr. Doherty played an important role 
in the civie life of Pittsburgh. In 1943 
he proposed organization of the Alle- 
gheny Conference on Community Devel- 
opment and served as Chairman of the 
Conference from 1943 to 1946. In 1943, 
the Junior Chamber of Commerce of 
Pittsburgh presented him with its “Man 
of the Year” award. 

An authority on electrical machinery 
and a pioneer in professional engineering 
education, Dr. Doherty received in 1937 
the American Institute of Electrical Engi- 
neers Lamme award for “his encourage- 
ment of young men to aspire to excellence 
in electrical engineering”; and in 1946 
the American Society for Engineering 
Education presented him the Lamme 
award for “noteworthy achievement in 
engineering education.” 








Values Inherent in Engineering * 


By J. R. VAN PELT 
Battelle Memorial Institute, Columbus, Ohio 


For many years we have sought prac- 
tical ways to give the engineer a better 
background in social and humanistic 
studies. The results thus far have been 
good, but not good enough. Courses in 
the social studies and the humanities, in 
spite of careful planning and good leader- 
ship, have often seemed bafflingly ineffec- 
tive with engineering students. Training 
in English, for example, has been stepped 
up, but employers still complain that many 
recent graduates cannot write or speak ac- 
ceptably. Similarly, instruction in history 
has received added attention, but men are 
still being graduated who neither know 
nor care to know the background of the 
social institutions with which they must 
deal. To them, there is no point in 
Patrick Henry’s famous remark before 
the Virginia Convention, “I know of no 
way of judging the future but by the 
past.” The social-humanistic stem has 
been grafted onto the scientific-technical 
trunk, but it has not borne enough good 
fruit. It has flourished on the student’s 
tree of knowledge just long enough to 
pass inspection; then it has withered away 
from lack of nutriment. The quality of 
the social-humanistic stem may have been 
fairly satisfactory, but the grafting job 
was not as good as we had hoped. Be- 
cause a better job of grafting is needed, 
the program committee has arranged this 
three-day symposium to find out, if pos- 


* Opening paper in a symposium on the 
Integration of Engineering and Basie Sci- 
ence courses with Humanistic and Social 
Studies, presented at Seattle, Washington, 
June 23, 1950, under the auspices of the 
Division of Social and Humanistic Studies, 
ASEE. 
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sible, how to make better grafts; or, in 
more customary educational language, how 
to integrate the teaching of social-human- 
istic studies with the teaching of science 
and engineering. 

As a starting point, the program ecom- 
mittee has suggested that we explore the 
so-called “values” that are inherent re- 
spectively in engineering, in the human- 
ities, and in the social studies. My as- 
signment is to discuss the values inherent 
in engineering. I propose, therefore, to 
outline those qualities that are developed 
in a typical student by his contact with 
scientific and technical training. 

You will note that I shall not discuss the 
engineer as a whole man, nor enumerate 
any incidental benefits that he may derive 
from technical training. These are im- 
portant, but my assignment is more 
limited; namely, to isolate, from the many 
values that technical courses may some- 
times offer, those fewer values that they 
must always produce if taught with rea- 
sonable skill. After reviewing these items 
on the eredit side of the ledger, I shall 
mention, by way of contrast, some debits 
—that is, some desirable qualities that 
technical instruction does not necessarily 
produce. And I shall close with a com- 
ment on what all this means to the teacher 
or administrator who wants to produce 
better engineers and better citizens. 


Definitive Characteristics of the Engineer 


Now, engineering is essentially a prob- 
lem-solving occupation. That fact colors 
the thinking of every engineer. For the 
research engineer, the problems are to 
discover and apply natural law. The 
design engineer solves problems in the 
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economic use of materials. The engineer 
in plant operation solves problems in 
quality control, obsolescence, raw material 
supply, and trouble-shooting of all kinds. 
The construction engineer faces complex 
problems in logisties and in adapting 
plans and specifications to the unforeseen 
exigencies of the field. Engineers solve 
all these problems by rigorous calculation, 
by past experience, or by plain common 
sense, depending on the circumstances. 
But the main point is, the engineer’s life 
is one long series of problems to be solved, 
and his suecess depends on promptly de- 
livering good, workable answers. This 
problem-solving attitude is perhaps the 
most characteristic feature of engineers 
as a group. 

Engineers, of course, are not the only 
problem-solvers. The merchant solves 
problems in business forecasting and mar- 
keting. The novelist has problems in 
psychology, the musician and sculptor in 
aesthetics, the historian in weighing the 
credibility of witnesses and in reading be- 
tween the lines to understand the events 
and cultures of the past. Perhaps all 
human enterprises could be regarded 
broadly as problems to be solved. But 
the engineer’s problems are, on the whole, 
more sharply defined, and their solution 
rests on more clean-cut data and prin- 
ciples. 

The definiteness of the engineer’s data 
gives him a strongly factual approach. 
His technical training shows him that the 
facts of nature are ascertainable and 
measurable. He is, therefore, skeptical of 
unsupported assertions, such as this one. 
He looks for evidence, not authority. 

Furthermore, the engineer believes that 
natural law is dependable. He knows 
that if a certain set of engineering data 
and conditions leads to a given conclusion 
today in Seattle, the same data and condi- 
tions must surely lead to the same result 
at any time, anywhere. Experience sup- 
ports his conviction, and gives him a 
characteristic reliance on logic—the for- 
malized logic of mathematics. The clergy- 
man may solve his problems on a basis 
of faith; the salesman, by intuition; the 
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trial lawyer, by persuasiveness; the pol- 
itician, by influence; the artist, by emo- 
tion. In comparison with these, the en- 
gineer seems to be a factual, literal- 
minded, unemotional fellow, at least in 
his technical work. 

Since technical courses deal with cold 
facts and immutable laws, it is natural 
that the engineer’s attitude should be 
impersonal. It is often said that engineer- 
ing involves four elements—materials, 
forces, money, and men. The student 
ought to pay as much attention to the 
study of men as to any of the other three; 
but in the heavy task of mastering the 
first two, technical courses can allow little 
time for the cost factor, and still less for 
the human element. 

-Good engineering teachers do what they 
ean to remedy this situation. One of 
the best of my own teachers, a mining 
engineer, often posed problems in the 
psychology of dealing with people, rang- 
ing from a disgruntled mucker with family 
troubles to the company president on his 
monthly inspection trip. But the fact re- 
mains that most of a technical course must 
be devoted to impersonal problems con- 
nected with the materials and the forces 
of nature. 

The engineer deals with numerical quan- 
tities rather than ill-defined qualities. It 
would be useless for him to state that a 
certain bridge is “strong”; his job is to 
find out how many tons it can safely sup- 
port under given conditions of loading. To 
him, numerical distinctions are much more 
meaningful than the hazy qualitative com- 
parisons that are common in everyday 
speech. That accounts for the engineer’s 
habit, so disconcerting to the layman, of 
talking in numbers and equations and 
mathematical symbols. 

The engineer likes to use numbers, but 
he does not always insist that the numbers 
must be highly precise. He knows that 
precision takes time and costs money. He 
may order a mechanical part finished to 
a tolerance of a tenth of a thousandth on 
two surfaces but rough-machined else- 
where. He will solve many problems with 
a slide rule that cannot be read beyond 


207 















































208 


three significant figures; but when greater 
precision is worth while, he will use it. 

The engineering student tends, also, to 
be utilitarian. He is not interested in 
knowledge for its own sake. Technical 
courses appeal to him because he expects 
to put what he learns to direct use. He 
approves of basic science courses in direct 
proportion to their apparent relationship 
to engineering. He tolerates social-hu- 
manistic courses because he can’t graduate 
without them, or because someone has 
convinced him that they will be useful to 
him. He is impatient with any suggestion 
of dilettantism. Because no one has ever 
discussed with him the meaning of culture, 
he is inclined to confuse culture with 
dilettantism and a sort of revolting ef- 
feminacy. And unfortunately some so- 
called cultural courses are taught in such 
a way as to confirm his impression. No 
wonder he prefers to be strictly util- 
itarian ! 

Because the engineer is utilitarian, he is 
interested in results, not appearances; in 
meanings, not words; in realities, not 
shams. He is inclined, therefore, to ignore 
the non-essential niceties of life—until, 
perhaps, he meets a girl to whom such 
things matter. 

It is only a short step from the en- 
gineer’s utilitarian outlook to his empir- 
icism. By empiricism I mean reliance on 
experience rather than on theory. The 
basie scientist typically asks “why”; the 
engineer asks “how.” 

In engineering practice, this empirical 
attitude is often helpful. It promotes 
economical and safe design. It restrains 
the engineer from risking the soundness 
of an expensive structure or process by 
using untested innovations based only on 
theory. Because of this conservative em- 
piricism, serious failures in engineering 
design are extremely rare, and the en- 
gineering profession has established an 
enviable record of sound and reliable 
service to the public. 

In research, on the other hand, where 
the purpose is to find new techniques or 
materials or to develop a new product, de- 
pendence on past practice may prove to 
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be a weakness. The purpose of research 
is to explore new, untried possibilities, 
Research thrives on unconventional ideas, 
disciplined of course by a knowledge of 
basic principles. 

Engineers trained in Europe appear, on 
the whole, to be less empirical, more 
theoretical, than Americans. No doubt 
this explains the frequently noted differ- 
ence between European and American en- 
gineering, namely, that Europe leads in 
making technical innovations, while Amer- 
ica is superior in organizing efficient pro- 
duction. 

Perhaps it is fair to say that engineer- 
ing instruction develops a sense of money 
values. At least it should. Costs are, of 
course, a highly important aspect of en- 
gineering. It would be interesting to find 
out how a department of economics might 
best cooperate with engineering depart- 
ments to develop financial understanding. 


Empiricism and Ingenuity 


I wish I could add ingenuity to the list 
of values inherent in engineering. After 
all, the words “ingenuity” and “engineer” 
are derived from a common root. The 
fact, however, is that so-called practical, 
descriptive courses tend to discourage in- 
genuity. They leave the impression that 
all basic problems have been solved. It is 
only when engineering courses probe 
deeply into basic causes and explore the 
frontiers that they encourage ingenuity. 
Fortunately, courses taught in this way 
are steadily increasing in number. 

It has been reported that years ago, 
at California Institute of Technology, Dr. 
Robert A. Millikan and his associates ree- 
ognized the need of sparking the students’ 
imagination, and they started an extra- 
curricular activity known as the “Wild- 
Eyed Idea Club.” At the meetings of this 
club, technical ideas were debated far into 
the night. The only proviso in submitting 
an idea for discussion was that it must be 
new and unconventional. I don’t know 
how long this club flourished, nor how 
many startling developments were born 
at its meetings, but it is safe to say that 
because of the discussions, its members 
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The importance of ingenuity is rec- 
ognized in industry fully as well as in 
agineering schools. In 1942 and 1943 
the American Society of Mechanical En- 
gineers presented a stimulating series of 
papers on the general subject of “Creative 
Engineering.” In one of these papers, 
Charles F'. Kettering said that if a person 
lad a scientific education, he was only 
about half as likely to make an invention 
ssif he had not had that specialized train- 
in. “As a result,” said Kettering, “I 
have arrived at a definition of what an 
inventor is. An inventor is simply a fel- 
low who doesn’t take his education too 
griously.” + And he went on to explain, 
by eogent examples, how hard it is to 
“stick by” a new idea when all the books 
say it won’t work. 

Ingenuity, or what has been called “im- 
agineering,” is not by any means unknown 
intechnical courses. We have seen that it 
depends in part on subject matter; that 
itis encouraged by courses that deal with 
basie causes, and discouraged by those 
that are of the descriptive, memory type. 
It depends even more, however, on the 
personality and attitude of the instructor. 
Perhaps in tomorrow’s session someone 
will suggest ways in which ingenuity can 
be encouraged, either in the technical de- 
partments, or in social and humanistic 
courses, or by a joint effort of these two 
groups. 

Let me suggest one more trait, and the 
list will be closed. The engineer gets 
things done. There is a concreteness and 
a urgency about engineering problems 
that encourage effort and accomplish- 
ment, The engineer works best when there 
ia specifie problem to be solved in a 
reasonable but limited time. He loses in- 
terest in a program of hazy outline, flex- 
ible objective, and unknown completion 
date. In this respect he differs from stu- 
dents of a more relaxed, philosophical 
type. 


1 Kettering, Charles F., ‘‘ How Can We De- 
velop Inventors??? Creative Engineering, 
ASME, July, 1944, p. 13. 
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You will note, of course, that this analy- 
sis does not purport to be a complete pic- 
ture of an engineer. It includes only 
those traits that appear to grow directly 
out of technical training. Yet even in its 
incompleteness, the sketch reveals char- 
acteristics of which anyone might well be 
proud. It shows that in solving a prob- 
lem the engineer usually starts with a 
solid foundation of definite, measurable 
facts; that on that base he builds logically, 
with integrity, and with an eye to over- 
all economy and utility. It shows that he 
respects experience; but at the same time, 
given good basic training, he has the 
ingenuity to make innovations. And it 
pictures the engineer as a man of action 
and accomplishment. Probably most of 
the amazing success of modern engineer- 
ing can be credited to these inherent at- 
tributes of the profession. 


Rounding Out of the Engineer 


It is in no sense a reflection on technical 
training to say that, great as its values 
are, they do not provide in themselves a 
complete foundation for a well-rounded 
personality. Let us turn, therefore, to 
the other side of the picture. What values 
are conspicuously missing from technical 
courses? These values must be gained, 
either in the social and humanistic courses, 
or entirely outside the classroom. 

First, technical courses cannot provide 
systematic treatment of the subject of 
individual and mass psychology. Yet an 
understanding of human motives and re- 
actions is essential for an engineer. En- 
gineering innovations, notably those that 
involve employment changes of any kind, 
are often a source of misunderstanding 
among employees—misunderstanding that 
could have been avoided if the program 
developed by the engineering department 
had taken the ambitions and fears of the 
employees and community into considera- 
tion. 

Second, technical courses give the en- 
gineer no contact, or at best only frag- 
mentary contact, with the social, economic, 
and political environment surrounding 
his professional work and his private life. 
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Engineering practice cannot be separated 
from its human environment; hence sys- 
tematie study of this environment is im- 
portant for the engineer. Industrial hous- 
ing, safety programs, air and water 
pollution, industrial hygiene, recreational 
facilities, plant layout—these and many 
other subjects require both engineering 
skill and an appreciation of their implica- 
tions in terms of human welfare. 

Again, technical training provides little 
or no historical background for the en- 
gineer’s judgments. As Henry Ford once 
said in an unguarded moment, “History 
is bunk’”—when it consists, that is, of un- 
related dates and similar scraps of miscel- 
laneous information. That, unfortunately, 
is the kind of history still being taught 
in many schools. But history is far from 
bunk when it records the ideas that have 
stirred men and guided their action; or 
when it reveals the ways in which science 
has so profoundly changed the world. 
History, properly taught, can be of great 
value to the engineer, and he cannot get 
much of it from engineering courses. 

In the field of the arts, ranging from 
architecture to music, engineering courses 
cannot help much. They give the engineer 
little or no basis either for personal en- 
joyment of the arts or for informed judg- 
ments on the aesthetics of engineering 
design. 

In the realm of communication of ideas, 
the engineer needs three languages—the 
language of mathematics, the language of 
graphics, and the language of words. The 
first two are covered in his technical 
courses, but these courses do little to teach 
the use of the written and spoken lan- 
guage—the most powerful, most flexible, 
and most widely understood means of 
communication. 

In the field of logic, technical courses 
give an admirable training in the rather 
stereotyped processes of solving engineer- 
ing problems. They tend, however, to 


leave one with the impression that the 
laboratory is the only avenue to truth, 
that mathematics is the only reliable form 
of reasoning. They cannot be expected 
to provide contact with truth arrived at 
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by other means—for example, through 
aesthetics, intuition, faith, or emotion, 
Indeed, many engineering students frown 
upon these in public as though they were 


- something to be ashamed of, even though 


they utilize them on occasion in private, 

Finally, engineering courses are not 
sufficient in themselves to lead to a well- 
rounded personal philosophy. It is true 
that good engineering teachers teach pro- 
fessional ethics. They also inculeate inp. 
tegrity of a high order in dealing with 
natural law. This integrity, if carried 
over to other aspects of life, would give 
the engineer some foundation for his per- 
sonal philosophy. The existence of this 
carry-over, however, has not been estab- 
lished; and in any case, a man’s working 
philosophy should rest on a greater knowl- 
edge of man than engineering courses can 
convey. 


Humanities Should Capitalize on the 
Engineer’s Characteristics 


Let me summarize. I have named ten 
values that are present in technical train- 
ing, and seven that are absent, or at least 
not inherent in strictly technical instrue- 
tion. I have said that technical training 
tends to make the student a productive, 
cost-conscious, potentially ingenious solver 
of problems, whose intellectual processes 
are factual, mathematically logical, im- 
personal, quantitative, utilitarian, and 
empirical. I have said that technical 
training short-changes him on knowledge 
of psychology, history, the social environ- 
ment, aesthetics, language, and modes of 
reasoning, and cannot by itself give him 
the basis for a  well-rounded~ working 
philosophy. 

Such, then, is the environment of the 
engineering student so far as it is con- 
trolled by technical instruction. The 
teacher of the humanities or of the social 
studies cannot afford to ignore this envi- 
ronment; he must live with it and adapt 
himself to it. How ean he do this? 

For one thing, he can put most of the 
characteristics of the engineer to good 
use. For example, in his own courses he 
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ean utilize the engineer’s propensity for 
problem-solving. The social studies and 
sme of the humanities lend themselves 
yell to the problem or case method. Since 
the engineering student seems to prefer 
such an approach, why not use it whenever 
you can? The result will be greater stu- 
dent interest and comprehension. 

Since the engineer is utilitarian, his 
teachers will accomplish most if they 
york on the principle that all education is 
“ucation for use.” Even the arts are 
nuded in an engineer’s education be- 
cause they will be used—sometimes di- 
retly in professional work, sometimes in 
leading a fuller, more useful, more satisfy- 
ing life. The adoption of this principle 
has far-reaching effects, both on the selec- 
tion of subject-matter and on the mode of 
presentation to engineering students. 

In the same spirit, the teacher of social 
ad humanistic courses can utilize the 
mgineer’s interest in factual data and his 
distrust of authoritarian statements. He 
can help the student to build an analytical, 
diseriminating attitude toward what he 
hears and reads. In a few engineering 
shools this has taken the form of “propa- 
ganda analysis,” in which pronouncements 
about current economic and social issues 
are scrutinized in the light of the funda- 
mental data, much as an engineering prob- 
lm would be approached. 

In the social studies especially, there are 
many opportunities to use conerete data 
mther than vague generalities. Consider, 
for example, the social and economic 
dfects of substandard housing. Instead 
of reading the ex-parte conclusions of 
some specialist on this subject, a class 
night study a case history or two. Then 
they might solve a clearly defined prob- 
lm in industrial housing, such as the 
planning of a new mining town. They 
would start with all the essential data 
about the size, expected life, and finances 
of the mining company, the number and 
‘ype of personnel to be housed, the town 
iite, the facilities in nearby communities, 
md other environmental factors. Each 
tudent would solve the problem in his 
own way, and would defend his solution 
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in terms of costs versus values. The class 
discussions would lead finally to a state- 
ment of the general principles that should 
govern company policy on matters of 
housing. Because the solution began with 
hard facts, it should lead to a workable 
balance between idealism and practical 
economic necessity. 

It may be objected that there is not 
enough time for this analytical approach. 
This opens a basic question of educational 
psychology. Certainly a general survey 
of the social studies, offering uniform 
coverage of the whole subject, could not 
possibly go into such detail on industrial 
housing. It may well be argued, however, 
that intimate probing of a few problems 
of vital interest to engineers is more 
valuable than systematic but superficial 
skimming of a whole field. Students get 
excited about such problems and study 
them intensively; as a result, they not only 
solve the special problem assigned, but 
also build a surprisingly broad knowledge 
of the whole related field. 

It is evident from these examples that 
the humanistic-social departments can 
make good use of the attitudes that the 
student brings from his technical interests. 
They are good as far as they go. But 
sooner or later the teacher of the human- 
ities and the social studies must go beyond 
the engineering attitudes and create new 
ones. He can show the student that there 
are good, utilitarian reasons why he should 
develop some new attitudes to accompany, 
not to replace, those derived from techni- 
eal instruction. 

For example, in economics, the facts 
about the flow of wealth in a competitive 
society may prove more elusive, certainly 
less precise, than the facts about the flow 
of air around an airfoil. The teacher 
of economics should openly recognize the 
difference. He should help the student to 
see that decisions must be made even 
though both the data and the method of 
treatment of the data are indefinite. In 
short, he should help the student to de- 
velop his nonmathematical judgment, his 
sense of values, his ability to weigh in- 
tangibles. 
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In all matters of human relations, it 
is necessary to reach beyond the en- 
gineer’s tendency to be impersonal. The 
teacher. should show the essential differ- 


ence between dealing with inanimate na- - 


ture and with people. 

President Keith Glennan of Case In- 
stitute, in a recent address? before the 
Ohio Section of this Society, presented 
the case for better training of engineers 
in all aspects of human relations. He 
closed with these words: “Instruction in 
human relations is today’s frontier in 
engineering education. Its exploration 
requires the courage and far vision of 
the pioneer.” President Glennan said, in 
effect, that this is the golden opportunity 
of the members of this Division—an op- 
portunity to serve in the most exciting 
spot in the whole field of engineer train- 
ing. What will be done about it? What 
effort will be made by faculty members 


2Glennan, T. Keith, ‘‘ Human Relations in 
Engineering Education.’’ The Journal of 
Engineering Education, 40: 416, April, 1950. 
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in social and humanistic fields to adapt 
themselves to the exigencies of teachj 
engineers? Will they insist that human. 
istic and social courses for engineers mrs 
be precisely the same as for everyone else 
or will they recognize the existence of 
a special situation? Will they take the 
trouble—perhaps a great deal of trouble 
—to familiarize themselves with the engi. 
neers’ interests, background, language, 
and psychology? Do departmental fences 
mean a good deal to them, or are they 
willing to break down these barriers and 
build interdepartmental courses whos 
purpose is well-rounded development of 
the whole man? Are they willing to do 
the research and suffer the hardships of 
pioneering that go with such new ven- 
tures? And perhaps the most pregnant 
question of all is this: are the adminis. 
trative officers of engineering schools 
willing and financially able to support 
such a program? The answers to these 
questions will have much to do with 
America’s position in the industrial world 
in the generation ahead. 


College Notes 


Election of four educational institu- 
tions to active membership in the Engi- 
neering College Research Council of the 
American Society for Engineering Edu- 
cation was announced last night by Dr. 
Gerald A. Rosselot, director of the Georgia 
Tech Engineering Experiment Station 
and Chairman of the Council. The four 


are: California Institute of Technology; 
Dartmouth College (Thayer School of 
Engineering); Montana State College; 


and University of Toledo. Extensive 
activity in engineering research supple 
menting an effective program of under- 
graduate engineering education is tr 
quired for election to the Research 
Council, according to Dr. Rosselot. These 
elections bring to 88 the number of insti- 
tutions active in the organization, whic 
represents the leading educational and 
research centers in the United States. 
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The Seven Deadly Sins of Teaching 


By WILLIAM P. GODFREY 
Department of English, University of Detroit 


Whenever, during more than twenty or last-minute “preparation” frequently 
years of teaching English in college, I accounts for professorial tardiness. In- 
have emerged from a classroom with a adequate preparation is a natural prelude 
sense of defeat (it has happened too often to digression. Careless preparation may 
for complacent retrospection), it was lead to a fear of losing “face.” This in 
usually because I had been guilty of one turn may induce an attack of bluffing or 
or more of the following sins of commis- belligerence. The experienced teacher 
sion or omission: 1. Failure to Prepare. may betray poor preparation by his me- 
2, Sarcasm. 3. Dullness. 4. Garrulity. chanical reproduction of well worn sub- 
5. Tardiness. 6. Digression. 7. Belliger- ject matter; in other words, the vice of 
ence. My conscience is not soothed by dullness; the inexperienced teacher may 
the reflection that all of these vices, with betray it in his simple, unvarnished igno- 
the possible exception of garrulity, are ance. On the other hand, adequate prep- 
often indulged in by the undergraduates aration not only may help to suggest 
both in the classroom and outside (Gar- fresh methods of presentation, but may 
rulity is more often reserved for the bull give a deeper insight into the principles 
sssion). It is also small consolation to of the material to be covered. One phase 
remember that most of these social sins of preparation often overlooked is the 
are not the exclusive prerogative of the relation of these principles to the objec- 
teaching profession. It is likely that tives of the course. Keeping this relation 
their effects are more deadly to the teach- in mind adds greatly to the effectiveness 
ing relationship than to more casual and _ of the teaching, for it tends to eliminate 
less confining social relationships. Digres- waste motion and to concentrate atten- 
sion, for example, may lend the charm of tion on the essentials. 


variety and spontaneity to ordinary con- Sarcasm. Provided it is not directed 
versation; but the class grind feels that against anyone in the classroom, sarcasm i. 
alittle digression goes a long way. is.a legitimate weapon. Used against a 4 


With these preliminaries disposed of, member of the class, however, it is not 3 
I should like to make a few comments on only uncharitable; it sets up a block to 
each of these pedagogical failings. the transfer of knowledge from the sar- 

Failure to Prepare. I suppose that castic teacher to the student whose ego 
many of us, after we have taught the has been lacerated. In the interests of 
same material for a number of years, are justice we might do well to reflect that 
tempted to omit all but the most cursory although Joe College is a bit obtuse at 
inspection of our notes before meeting times, we teachers are not always models 
our classes. Whenever I have yielded to of perspicacity. Even if we happen to 
this temptation, I feel that the class suf- be right in our dim view of an under- 
fered, ie., more than usual. I list this graduate, a proper respect for the human 
Vie first because like the love of lucre it persons exposed to our care should help 
8 radical: it is often the cause of other to overcome the temptation to make that 
evils. For example, lack of preparation view known. It might also help to re- 
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call what Goethe said about ridicule: “To 
a man of thought almost nothing is ridicu- 
lous.” If the witty teacher must have a 
target for his witticisms, what better tar- 
get could he find than his own frequent 
dullness? 

Dullness. The teacher does not live 
who scintillates unceasingly in the class- 
room; although if we are to believe some 
of the undergraduate teacher-rating polls, 
some of us could easily qualify as ever 
reliable bores. We may discount some of 
this as due to undergraduate ebullience, 
but all of us have our soporific moments. 
I have already touched on a possible 
cause of dullness in teaching: deficient 
preparation; another cause, the dull per- 
sonality, I trust, is outside the scope of 
these remarks. But this much can safely 
be said: mastery of the subject is not an 
infallible guarantee against lackluster 
teaching; neither is enthusiasm. Yet 
without mastery of the subject and en- 
thusiasm for it, the teacher, apparently 
miseast in the role of educator, would 
have to be Fred Allen to keep the class 
awake. Somewhere between the two ex- 
tremes of mere entertainer and mere dull 
’uns most of us ply our trade, more or less 
unconsciously tempering academic show- 
manship with a saving alloy of the jejune. 
Sometimes it is the fault of the profes- 
sorial monotone. Undergraduates who 
rated me recently berated me for read- 
ing my lecture notes in a manner that 
was more conducive to slumber than to 
learning. The remedy is clear. Some- 
times it is the fault of the professorial 
lack of humor. Here the remedy is not so 
clear. Can a sense of humor be acquired? 

Garrulity. Delight in hearing one’s 
own voice is not the exclusive prerogative 
of us teachers. It is just that our oppor- 
tunities are more numerous. To resist the 


urge to pontificate or at least to expatiate 
requires more self abnegation than most 
of us are willing to develop. One way I 
try to limit the volume of my own elass- 
room verbiage is to remind myself that 
the process of education is not all absorp- 
tion; there must be some expression or 
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extraction. However, undergraduate dis. 
cussion is a good deal like faculty disens. 
sion in one respect: there are always a 
few who want to do all the pontificating 
and expatiating. These garrulous people 
must be restrained in order that justice 
may be done to the more retiring members 
of the class. If this democratic procedure 
does not elicit some good student opinion 
on the subject under discussion, the 
teacher can always fall back on the 
soliloquy. 

Tardiness. Just as there are accident- 
prone people, so there are teachers who 
are allergic to punctuality. I suspect that 
some of the former are some of the latter 
too. At any rate, the tardy teachers usu- 
ally have an interesting explanation, 
which comes pantingly forth to those of 
the class who out of sheer devotion to the 
grade are still hanging about. Sporadic 
lateness is a minor vice, perhaps, but 
chronic unpunctuality like alcoholism is a 
disease. It shortchanges the undergradu- 
ates; it is the pedagogical equivalent of 
goldbricking and feather-bedding. It may 
be the offspring of sloth or lack of fore- 
sight, but it probably derives more often 
from last-minute preparation. Maybe 
Franklin was right in calling strict pune 
tuality a “cheap virtue,” but I doubt if 
many undergraduates would agree with 
him—at least with reference to the un- 
punctuality of the teacher. Their own 
is another matter. 

Digression. Teachers being what they 
are and students being what they are, 
digression is inevitable. Frequently it 
is induced in the former by the latter; at 
all other times it is unconscious on both 
sides. Many undergraduates get to he 
masters of the diversionary tactic. The 
garrulous teacher is especially vulnerable, 
for the will to resist is feeble. Digression 
being inevitable, the only question is: how 
long is it to continue? That usually de 
pends on the teacher. If he combines 
self-discipline with an insight into stu 
dent duplicity, he will interpret correctly 
the flattering signs of attention; if he 
concludes that these signs are evidence of 
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reeognition of his superior perspicacity 
or eloquence, the digression will last until 
the bell rings. It sometimes happens that 
these deviations reveal matter of more 
value to all concerned than the orthodox 
content of the course. More frequently, 
however, in such deviations the sharp- 
shooters of the class are merely exploit- 
ing the follies or foibles of the unfortu- 
nate instructor. I feel that over the years 
I may have built up a measure of sales 
resistance, although I am fully aware of 
our professorial penchant for self-decep- 
tion. At any rate I find it helpful to 
make a fairly careful distinction be- 
tween the meat and the dessert of the 
course. Thus although English is looked 
upon by many as the light lunch of the 
engineering curriculum, I try to keep my 
serving from being all whipped cream. 
Belligerence. In one sense this is the 
most deadly of the seven pedagogical vices. 
Qne reason is that it may stem from a 
deficiency of love for human beings. 
Failure to try to live up to the second 
greatest of the Commandments seems to 
argue an incompatibility for the noble 
profession of teaching. Again belliger- 
ence may be due to what Newman called 
the giant among the capital sins—pride; 
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the educational manifestation is a sense 
of the global significance of one’s own 
opinions. Belligerence may spring from 
the insecurity occasioned by ignorance. 
In these cases, the remedy seems clear 
enough though it may be difficult to ap- 
ply. As if the teaching process did not 
have enough of the element of struggle in 
its very nature, the bellicose teacher looks 
upon every meeting with his class as a 
pitched battle wherein he matches his 
whole wit against the fractional wits of 
the class. His battle ery is, “Thou shalt 
not pass.” It is sobering to reflect that 
teachers like this bear about the same re- 
lation to truth as do the editors of Pravda 
or Izvestia. Such pedagogues are not in- 
tent on developing the mind of the under- 
graduate; they are intent on maintaining 
the superiority of their own. No wonder 
that only parrots, yes men, and robots 
survive the ordeal of studying under these 
humorless creatures. 

Most of us, including myself, are guilty 
of some of these vices some of the time, 
and some of us all of the time. It is not 
so much that we do not know what to do 
as that we need to be reminded. It is in 
the conviction that we all have room for 
improvement in the conduct of our classes 
that I have humbly offered these comments. 


College Notes 


The recently completed Alumni Scien- 
tifie Laboratories Building at Drexel In- 
stitute of Technology, Philadelphia, was 
opened for inspection by guests of the 
Institute on December 12, 1950. The in- 
spection, and reception in the new labora- 
tories building, climaxed Drexel’s annual 
observance of Founder’s Day. This 
structure—the first of several contem- 
Plated under Drexel’s Expansion Pro- 


gram—will more than double the space 
for engineering. The additional space 


is required for engineering because of the 
further development of the undergraduate 
curricula, addition of graduate studies 
leading to the Master of Science degree, 
and the addition of a program leading to 
the Bachelor of Science degree in the 
Evening School. 











Professional Advancement of Engineering 
Teachers’ 


By HENRY H. ARMSBY 
Vice President, ASEE 
Specialist in Engineering Education, U. S. Office of Education 


The young engineering teacher of to- 
day who aspires to be the professor, the 
dean, the college president of tomorrow 
must realize that his promotion, just as 
that of the young engineer in industry, 
will depend largely on the nature and ex- 
tent of his professional growth. Further- 
more, the teacher must show growth not 
only as an engineer, but also, of at least 
equal importance, in ability as a teacher. 
This paper discusses some of the ways in 
which the engineering teacher and his in- 
stitution can promote such growth. 


Professional Development in Industry 


There is much need in industry for en- 
gineers to acquire a sound understanding, 
not merely of scientific principles and 
their practical applications, but also of 
the social, economic, and political impli- 
cations of his work. This calls for a 
strengthening and expansion of post- 
graduate training both in ¢olleges and in 
industry. 

The general recognition of this need 
was exemplified by the deliberations of 
the Inter-Professions Conference on Edu- 
cation for Professional Responsibilities 
at Buck Hill Falls, Pennsylvania, in April 
1947, and by the findings of the Engi- 
neers’ Joint Council survey. It has been 
the subject of recent papers before the 
Engineers’ Council for Professional De- 
velopment and other organizations. 


1 Condensation of paper presented before 
Southwest Section, American Society for 
Engineering Education, April 15, 1949. 
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Professional Development in the Colleges 


If engineers in industry need post- 
graduate training to insure their profes- 
sional growth and development, what of 
the men who are to give them this train- 
ing? The successful engineering teacher 
must be not only a good engineer, but 
also a leader of men who can instill in 
his students a spirit of scholarship and 
a desire to develop themselves profes- 
sionally. This he can do only if his in- 
stitution makes clear to him that he is 
expected to grow and to develop, and 
gives him opportunities to do so. The 
college should provide as many such op- 
portunities as local circumstances per- 
mit, and encourage the young teacher in 
every way possible to take advantage of 
them. A few such opportunities are dis- 
cussed below. 


Orientation 


The process of orienting a beginning 
teacher to his new work, of getting him 
off to a good start, is highly important. 
Industry has found that happy and well- 
satisfied employees produce more and 
better work than unhappy, disgruntled 
employees. The same conditions apply 
to college teachers. The new teacher 
should be given information about such 
practical things as finding a place to 
live and to eat, shopping, entertainment. 
medical services, extracurricular activi- 
ties of the institution, the organization 
and administration of the teaching divi- 
sion in which he is to work, the functions 
of the various college or university officials, 
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institutional policies on insurance, retire- 
ment, tenure, salary, promotions, ete. 


Graduate Work 


Many industrial and governmental 
agencies are assisting their young engi- 
neers to secure graduate courses, in some 
eases conducted on the premises of the 
agency by a college for credit toward ad- 
vanced degrees. It seems only proper 
that the colleges should give their young 
engineering teachers comparable oppor- 
tunities. 

Some colleges provide for sabbatical 
leave for this purpose, but in too many 
eases the financial obstacles are too great 
for worthy and capable young teachers to 
avail themselves of the privilege. Some 
colleges permit young instructors to do 
graduate work in the institution where 
they are employed, but too often the in- 
structor has such a heavy schedule of 
teaching that he finds it impossible to 
take advantage of this theoretical op- 
portunity. Much more could be done 
along this line than is being done, and 
the institutions would reap great benefits 
from enlarging the opportunities for their 
young instructors to take graduate 
courses. 


Industrial Experience and Consulting 
Practice 


The majority of engineering graduates 
find their employment in industry. The 
proper division of educational responsi- 
bility undoubtedly calls for the college 
to place its major emphasis on teaching 
fundamentals, leaving to industry the 
function of acquainting the young engi- 
neer with practical applications and spe- 
cific operating procedures. However, the 
truly general fundamental principles 
which must be mastered in college are not 
increasing in number at nearly as fast a 
rate as are their industrial applications. 
The engineering teacher needs an ac- 
quaintance with industrial practices and 
methods, in order to keep his teaching in 
line with developments in industry, and 
to give it vitality. The engineering col- 
leges should encourage their teachers, par- 
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ticularly the younger men, to gain indus- 
trial experience, through summer jobs or 
even through occasional leaves of ab- 
sence for industrial employment. 

It seems conceivable that there might 
be developed a program under which 
teachers and industrial engineers would 
from time to time change places with 
each other, forming roughly the equiva- 
lent of the “two-man team” plan used by 
colleges which operate on the coopera- 
tive basis. Recent Civil Service rulings 
make possible a sort of modification of 
this plan in the Naval Research Labora- 
tories and the National Bureau of Stand- 
ards, which have been given authority to 
offer temporary employment to faculty 
members, as well as to graduate and un- 
dergraduate students. It is to be pre- 
sumed that other departments of the Fed- 
eral Government can secure the same 
authority. 

Industrial and research experience 
should be followed by consulting practice, 
which the young teacher might well start 
under the tutelage of an older staff mem- 
ber. He should be encouraged to branch 
out on his own just as soon as he is quali- 
fied, and his teaching schedule should per- 
mit him to do a reasonable amount of 
such work. However, his objective should 
be to improve his knowledge and broaden 
his interests, rather than merely to in- 
crease his income. 


Industrial Conferences 


Participation in programs similar to 
the Institutes of Management conducted 
by Southern Methodist University and 
the symposiums conducted by the Har- 
vard Graduate School of Business Admin- 
istration, and participation in the place- 
ment program of his institution, should 
be extremely valuable adjuncts to actual 
industrial experience, and should greatly 
help the young teacher to learn what in- 
dustry looks for in young engineers. 


Participation in Technical and Educa- 
tional Societies 


If the young teacher is to become a 
truly professional engineer, he must take 
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an active part in his own technical society. 
If he wishes to become qualified as an en- 
gineering teacher he should also take an 
active part in the affairs of ASEE. Noth- 
ing is quite so valuable to the young 
teacher as the inspiration he can secure 
by contacts with the leaders of his pro- 
fession. His college should encourage 
him to be active in these societies, and 
should consider the amount and char- 
acter of such activity in making promo- 
tions. 


Research 


The essence of good teaching, particu- 
larly on the college level, is the inculea- 
tion in the student of a desire to learn, 
which is the basic urge of the research 
worker. Students who learn for them- 
selves things not covered in texts or lec- 
tures, who make what are to them new 
discoveries, are research workers. Their 
techniques may be simple, and their dis- 
coveries may have been anticipated by 
others, but their spirit is that of the 
scholar. Hence, the really successful 
teacher endows learning with the spirit 
of research. This he cannot do unless he 
has the research spirit himself. There- 
fore, research and teaching are closely 
interrelated, and training research work- 
ers should be one of the primary func- 
tions of the university. Competent 
scholars as faculty members, with actual 
experience in research, and with ade- 
quately financed research projects on 
which they and their students can work, 
are the only means whereby the univer- 
sity can fulfill that obligation. 

A recent study conducted by Rensselaer 
Polytechnic Institute quotes a group of in- 
dustrial executives as believing (a) that 
the demand for research scientists and 
engineering specialists will continue to 
increase during the next ten years, (b) 
that college laboratories should be used 
primarily for thorough grounding of stu- 
dents in basic principles but that modern 
equipment should be maintained and 
modern production methods illustrated 
in the laboratories or demonstrated in 
cooperation with industry, and (c) that 
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industry and business should provide ad- 
ditional funds to help the colleges of en- 
gineering meet the growing demand for 
research scientists and engineering spe- 
cialists. 

All of this adds up to the fact that the 
young engineering teacher should be 
given opportunity to participate in re. 
search projects, at first under the guid- 
ance and supervision of older staff mem- 
bers, but with increasing responsibility 
given him as fast as he is able to take it. 
This, of course, implies that the teacher 
should not be given such a heavy teach- 
ing schedule that he has no time or energy 
for research. Research should be a def- 
nite part of his assignment from the be- 
ginning of his teaching days, so that he 
may quickly become imbued with the 
spirit of research. The studies of the 
ASEE Committee on Faculty Salaries in- 
dicate general agreement with this policy 
on the part of engineering college ad- 
ministrators. 

On the other hand, it. must not be over- 
looked that he is primarily a teacher, and 
that competence in research alone cannot 
take the place of inspirational teaching, 
which stimulates people to clearer think- 
ing, greater endeavor, good citizenship, 
and human decency. 


Development of the Young Teacher 
as an Educator 


The charge is sometimes made that en- 
gineers are not interested in methods of 
teaching, and that they feel the entire 
emphasis of the training of an engineer- 
ing teacher should be on subject matter 
rather than on methods of teaching. 
Teachers in grade schools and high schools 
must be trained in methods of teaching as 
well as in subject matter, but it seems to 
be normal procedure in engineering col- 
leges to consider that an engineering 
graduate knows how to teach college stu- 
dents without any training in teaching 
methods. 

Possibly a student of college age can 
absorb instruction from a poor teacher 
better than ‘a grade school child can, al- 
though this is open to question. But 
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engineers, who pride themselves on their 
efficiency, might well apply the same basic 
idea to their teaching, and at least try to 
make their teaching as effective as possi- 
ble. Certainly all would agree that the 
engineering teacher needs to know sub- 
ject matter, needs to know what to teach, 
but surely some knowledge of effective 
methods of teaching and of the psychology 
of learning should help the engineering 
teacher to do his job better, and enable 
his students to learn more with less effort 
in a given length of time. 


Methods of Improving College Teaching 


The first “prerequisite” to any system- . 


atic efforts to improve college teaching is 
an administration which is keenly inter- 
ested in such improvement, and which 
makes it clear to the young instructor 
that his advancement will depend more on 
his ability to develop into a good teacher, 
able to inspire his students and to edu- 
eate them to think for themselves and to 
form their own opinions, than it will on 
the number of degrees he holds or on the 
number of square feet of published ma- 
terial he issues. 

Many schools are holding lectures or 
seminar sessions on methods of teaching, 
and several have issued manuals on teach- 
ing, notable among which is the manual 
issued under the direction of Dean Norris 
of V.P.I. and endorsed by the Engineer- 
ing College Administrative Council of 
ASEE. 

The engineering teacher is seldom told 
by anybody whether or not he is doing 
agood job. There seems to be prevalent 
an unfortunate attitude that visits to a 
teacher’s class are instrusions into his 
private business which should not be tol- 
erated. The young teacher might receive 
valuable suggestions if he invited such 
visits by his dean or department head, 
more experienced teachers, practicing en- 
gineers, or staff members of the School 
of Education. 

The teacher might even benefit from an 
occasional rating of himself as a teacher 
by his students, as for example by the 
use of the Remmers test or some similar 
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instrument. Even if he feels that his 
students lack the necessary knowledge to 
rate teachers perfectly, he might get 
valuable tips from them as to his weak 
points and his strong ones. 

Conversely, new teachers should have 
opportunities to sit in classes of those of 
their more experienced colleagues who 
have developed successful teaching meth- 
ods, in order to observe at first hand their 
techniques and standards. However, since 
mere length of service as a teacher is not 
necessarily a guarantee of good teaching 
methods, care should be exercised in select- 
ing the teachers he is to observe. 

Conferences with others teaching the 
same courses, for discussion of teaching 
methods, testing devices, grading, and 
similar problems, should benefit all con- 
cerned, especially the new teacher. The 
summer schools sponsored by ASEE 
should be especially valuable in this con- 
nection, since they are supposed to place 
major emphasis upon improving the ef- 
fectiveness of teaching. 

Teachers can gain breadth of vision and 
experience by being assigned to a variety 
of subjects in different years. The change 
in subjects should not be too often, but 
often enough to keep the teacher from 
getting into a rut. 

The practice of defining objectives of a 
course in terms of results which can be 
measured, and of applying suitable tests 
to measure them, is a device which holds 
promise of benefit to the new teacher. 
These tests may be developed by the in- 
structor himself, or by others, and might 
well be identical tests given to several 
sections taught by different instructors. 

A study of the grades given by the in- 
structor, the weights which he gives to 
various aspects of the student’s work, 
and the relation of the instructor’s marks 
to those of other teachers, may yield in- 
formation of value to the new teacher, as 
may the use of some of the self-rating 
scales for teachers which have been 
developed. 

The Buck Hill Falls conference of 
1947 spent considerable time discussing 
teaching methods. General agreement 
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was reached that the primary concern of 
professional education is the development 
of power to acquire knowledge and to 
learn from experience. It was also gen- 
erally agreed that the student should be 
taught to use knowledge as a part of the 
process of acquiring it, which involves 
teaching a thorough understanding of 
fundamental knowledge, largely by means 
of the inductive process, that is, acquir- 
ing it from dealing with concrete ma- 
terial under the student’s own steam. 
This includes (a) teaching the art of ex- 
tending knowledge by having the student 
induce principles from what have been 
termed “instances,” and (b) teaching the 
student to use fundamentals by the use 
of professional problems in which he does 
creative work. 

Research studies to determine the rela- 
tive effectiveness of different instructional 
procedures, as well as faculty institutes, 
seminars, and workshops devoted to prob- 
lems of higher education are useful de- 
vices which might inerease the effective- 
ness of teaching. 

The Office of Education is undertaking 
a study of many proposed methods for 
improving college instruction. Colleges 
and graduate schools will be asked to in- 
dicate on a check list devices they are 
finding helpful, and to describe methods 
not included on the check list. Efforts 
will then be made to stimulate further de- 
velopment of some of the more promis- 
ing devices, and to interest institutions 
or groups of institutions in the conduct of 
research projects such as comparative 
studies of the relative effectiveness of two 
or more proposed devices. Whether or 
not this study develops into some kind of 
a manual for college teaching, the mere 
carrying forward of the project should 
stimulate active interest in the improve- 
ment of college teaching. The engineer- 
ing schools are in a position to make some 
worth-while contributions to this study. 


The Ideal Teacher 


Dean A. A. Potter of Purdue recently 
wrote a paper, “The Forgotten Man in 
Higher Education,” which in my opinion 
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should be “required reading” for engi- 
neering teachers. Dean Potter says that 
the teacher, who is the essential factor in 
the educational process, is the forgotten 
man; that too little attention is given to 
the improvement of the quality of teach- 
ing; that “Too few realize that the 
teacher may enlighten and strengthen, or 
he may poison and weaken the mind of 
the learner.” He then proceeds to write 
what he ealls the specifications for an 
effective teacher. I am inclined to be- 
lieve that Dean Potter would agree with 
me that these specifications describe an 
ideal teacher, that no one teacher could 
be expected to exemplify all the char- 
acteristics which he outlines, but that any 
teacher can, by striving to reach the ideal 
he describes, make of himself a good 
teacher, one whose students will not he 
mere people crammed with facts, opinions, 
and phrases, but rather individuals who 
can think and form their own opinions, 

Some of the characteristics of Dean 
Potter’s ideal teacher are enthusiasm, 
humanity, fairness, tolerance, high ethical 
standards, cooperation, intellectual curios- 
ity, ability to analyze and synthesize facts, 
good study habits, ability to express hin- 
self clearly and understandably, and 
above all his continual effort to improve 
his knowledge by advanced study, prac- 
tice, travel, research, and contacts with 
leaders in his field. “The master teacher 
shuns intellectual ruts, as he realizes that 
a rut differs from a grave only in dimen- 
sions and outlets.” 

Dean Potter closed his article with the 
following paragraph: “Finally, it must 
be remembered that the compensation of 
the teacher is not represented by the 
salary he receives or by the academic rank 
he holds: much of his satisfaction comes 
from work well done in an atmosphere 
which is conducive to high ethical stand- 
ards, human sensitiveness, and productive 
scholarship. He loves his work and de- 
rives satisfaction from the suecesses of 
his colleagues and students. The teacher 
is certainly fortunate in the awards and 
satisfactions of life which his calling af- 
fords him!” 
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ne engineering profession has made 
eat progress on the road toward efficient 
alization of natural resources. If all 
agineering teachers could measure up to 
the ideals Dean Potter has set before 
them, the profession could advance still 
further, and in addition could greatly im- 
prove its use of human resources. It is 
ny thesis that, while perhaps few of us 
an fully attain the ideal, we can all be 
geatly improved as engineering teachers 
ifwe and our institutions will work to- 
giher in implementing at least a few of 
the procedures I have suggested for fur- 
tering the professional development of 
gineering teachers. 
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Teaching Advanced Mathematics to 
Electrical Engineering Students 


By CECILIE FROEHLICH 
Associate Professor of Electrical Engineering, City College of New York 


While the understanding of modern 
Electrical Engineering is based to a great 
extent on mathematical concepts, there 
has been a traditional misunderstanding 
between the professional electrical engi- 
neers and the professional mathemati- 
cians. Only a few exceptional electrical 
engineers ever penetrate deeply into the 
secrets of abstract mathematics and only 
a minority of mathematicians understand 
the language of the electrical engineer 
well enough to be able to apply their 
extensive knowledge of mathematics to 
the solution of electrical engineering 
problems. 

With respect to the teaching of mathe- 
maties to electrical engineering students 
this situation has frequently led to a 
difference in viewpoint of the departments 
concerned. As a remedy it has sometimes 
been suggested that engineers with a flair 
for mathematics be added to the mathe- 
maties departments in order to teach the 
advanced courses in engineering mathe- 
matics. Others have suggested the addi- 
tion of mathematicians to the staff of the 
electrical engineering departments. These 
mathematicians, instead of giving the stu- 
dents separate instruction in the advanced 
mathematical topics needed, would be re- 
quired to teach those electrical engineer- 
ing subjects which are predominantly 
mathematical in nature. 

I am such a mathematician, who has 
ultimately become a member of an electri- 
eal engineering department. I therefore 


thought that it might interest you to hear 
the conclusions which I have drawn from 
my experience. 


In particular, I should 
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like to tell you what I consider to be the 
most effective method of teaching ad 
vanced mathematies to electrical engineer. 
ing students. I shall call “advanced” 
for the purpose of this paper those topies 
which go beyond what is usually taught 
in a one-year course in college calculus. 


Indoctrination of the Mathematician 


The mathematician must remember that, 
in the field of engineering applications, 
mathematics can seldom play the role of 
the leading queen, but that in this field 
mathematics generally has to serve asa 
humble though highly respected and ée- 
fective servant. Therefore, in my opit- 
ion, a mathematician who wants to teach 
electrical engineering students success 
fully in advanced mathematics should go 
to the trouble of familiarizing himself 
thoroughly with electrical engineering 
subjects. He can do so by taking (a 
teaching!) courses in Electrical Engi- 
neering, or better still, by joining a group 
of electrical engineers and actively par 
ticipating in some of their research o 
development projects. The engineers wil 
appreciate his broad knowledge of mathe 
matics and will make constructive use of 
it, if he will only make an effort to speak 
and understand their language. 

From such experience he will learn 
“avoid”—as Maxwell says—“those ques 
tions, which though they have elicited the 
skill of mathematicians have not enlarged 
our knowledge of science.” He will als 
learn—and I am quoting Maxwell agail 
—that “in certain classes of cases W 
cannot afford to despise the humble 
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method of actually drawing tentative fig- 
wes on paper.” Maxwell is referring to 
the use of graphical methods in the solu- 
tio of potential problems, and he adds, 
“his latter method I think may be of 
some use even in cases in which the exact 
solution has been obtained, for I find that 
an eye knowledge . . . often leads to a 
right selection of mathematical methods 
of solution.” 

But, on the other hand, the mathe- 
matician will see that Engineering Mathe- 
natics is not just a collection of triviali- 
ties consisting of a few elementary graph- 
ial and numerical methods for the 
processing of empirical data and the like, 
but that there is enough challenge, stimu- 
lation and variety in electrical engineer- 
ing problems to satisfy mathematical am- 
bitions at every level. He will also find 
ot that it is not sufficient to glance 
through some electrical engineering text- 
books, manuals and publications, identify 
the type of differential equations, func- 
tions and operations used and, after such 
superficial inspection, devise a mathe- 
maties course which consists simply of 
am introduction to all these topics. Such 
& course, even when interspersed with 
oeeasional examples of engineering ap- 
plications, will be unsatisfactory. If the 
course is given to students before they 
have acquired some engineering back- 
ground, they will not be able to fully un- 
derstand and appreciate the applications. 
Unavoidably, too much time will elapse 
util the mathematical topics treated will 
appear in their electrical engineering 
courses. By then they will not remember 
what they learned a year ago, or even if 
they do remember, they will frequently 
lot recognize any connection between the 
abstract ideas they learned in the mathe- 
uaties department and the concrete use 
that is made of these topics in the electri- 
al engineering department. 


The Dilemma 


It then seems almost a hopeless di- 
lmma: the electrical engineering student 
‘amnot obtain the desirable approach to 
alvanced mathematics before he under- 
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stands the engineering—but he cannot 
understand the engineering without a 
certain understanding of advanced mathe- 
matics. 

The very nature of the dilemma sug- 
gests its solution. If advanced mathe- 
matics is really inseparable from modern 
electrical engineering, then it should not 
be separated from it artificially in the 
electrical engineering curriculum. 

It is neither necessary nor sufficient to 
have formal courses in mathematics be- 
yond the elements of calculus as a prepa- 
ration for the understanding of electrical 
(or other) engineering courses. What- 
ever advanced mathematics is needed can 
be taught much more effectively if it is 
introduced gradually in the engineering 
courses, each topic being explained when 
and where it is needed. This “from hand 
to mouth” method may result in a very 
unsystematie introduction, unsystematic 
from the mathematician’s viewpoint. But 
you must remember that the interest of 
the ordinary electrical engineering stu- 
dent is primarily in electrical engineer- 
ing and only secondarily in mathematics. 
He will therefore understand, absorb and 
appreciate the material better when 
it is interwoven into his gradually in- 
creasing engineering experience. At the 
same time he will be protected against the 
common danger of acquiring the knowl- 
edge of higher mathematics without learn- 
ing when, where and how to use it (and— 
even more important—when and where to 
avoid it!). 

I do not want to advocate narrow spe- 
cialization, nor am I overlooking the fact 
that mathematical disciplines which seem 
to be high-brow today, comprehended by 
a small group of professional mathema- 
ticians only, may be the everyday tools 
in the hands of engineers tomorrow. I 
also consider it highly important not to 
keep the student from seeing that mathe- 
matical principles and methods developed 
for one branch of science or engineering 
may be equally applied to other branches. 
I do advocate, however, that basic mathe- 
matical concepts be formed in the mind 
of the electrical engineering student— 
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over a period of two or three years— 
step by step, by abstraction and generali- 
zation from special cases as they arise. I 
consider this method as _ pedagogically 
superior to the teaching of abstract math- 
ematies first, followed by the teaching of 
applications as examples. By this method 
the student will have gained at least the 
same amount of basic mathematical back- 
ground at the end of his senior or first 
graduate year as the engineering student 
who has received his mathematical in- 
struction in one of the traditional intro- 
ductory courses to engineering mathe- 
maties. 

The abstraction will have gone far 
enough to enable him to recognize and 
make efficient use of existing analogies 
in seemingly different fields. It will, 
however, not have been pushed to the de- 
gree where mathematics frees itself from 
all earthly bounds, loses the ground under 
its feet and rises to become the queen of 
seiences obeying no other laws than her 
own. Few are destined or capable of 
climbing to these heights, still fewer are 
capable of deriving from such experi- 
ence valuable knowledge with which to 
discover and open up new areas of engi- 
neering science. For these few who are 
qualified to pursue independent research, 
a mathematical education beyond the 
senior or first graduate year will be of 
greatest value. Their education should 
include courses in advanced mathematics 
without regard to immediate engineering 
applications and their study of mathe- 
matics should be limited in scope only by 
their own tastes and desires. The under- 
graduate and first year graduate electrical 
engineering education, as I conceive it, 
will have given every Electrical Engi- 
neering student (as a by-product) an ap- 
preciation of the power of advanced 
mathematics, a view of many of its 
branches and a fair opportunity of test- 
ing his own mathematical talents. 


Coordination of Mathematics and 
Examples of Engineering 


You will probably want to see from 
concrete examples how the proposed in- 
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terlinkage between mathematical and eleg. 
trical engineering instruction can be real. 
ized. Instead of giving you isolate 
examples, let me take you briefly throngh 


. one phase of the electrical engineering 


curriculum. 

I choose for this purpose the sequence 
of courses on linear circuits, lines and net- 
works. Such a sequence will take from 
four to five terms. It may start out with 
an introduction to d.c. circuit analysis, 
which is commonly taught as part of a 
first course in electrical engineering in 
the sophomore year. After some intr- 
ductory examples the systematization of 
d.c. circuit analysis for n-mesh or n-node 
networks will give the opportunity of 
either introducing or reviewing the solv 
tion of systems of nonhomogeneous lin- 
ear algebraic equations by means of de 
terminants. The expansion of deterni- 
nants in minors will serve to bring out 
the fundamental nature of the principles 
of superposition and reciprocity, common 
to all linear systems. 

In such a first electrical engineering 
course the elementary phenomena oceu- 
ring in the disenergizing and the d.c. ener- 
gizing of coils or condensers are als 
generally taken up. These topics wil 
give an opportunity for a meaningful in- 
troduction or review of the exponential 
function. The student may be told, inei- 
dentally, that the equations he has set up 
and solved are first-order linear differen- 
tial equations with constant coefficients. 
His attention may be drawn to the im 
portance of the initial conditions and 
(with a view to later generalization) t 
the fact that the solution in the nom 
homogeneous case has been gotten by 
superposition of the steady state term 
(a particular integral) and the transient 
term (the solution of the homogeneous 
equation). 

In the course on a.c. circuit analysis 
which conventionally follows in the elet 
trical engineering curriculum, attention 
will be focussed on the “steady state soli 
tion.” This is the particular integral of 
Kirchhoff’s equation which corresponds 
the forced sinusoidal response to sill 
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oidal excitation of the same frequency. 
After a few preliminary exercises the stu- 
dent will be impressed by the fact that 
each a.c. steady state term of given fre- 
quency may be completely characterized 
by a pair of two numbers. The scene is 
thus set for the introduction of complex 
numbers and their representation in the 
emplex plane. The exponential function 
wil naturally reappear, this time with 
purely imaginary argument. It will serve 
to reduce the a.c. network equations from a 
system of linear nonhomogeneous integro- 
differential equations with constant coef- 
ficients to a system of nonhomogeneous 
linear algebraic equations, thus bringing 
steady state a.c. network analysis within 
the reach of the algebra of linear systems. 

In order to reach the same goal for 
periodic current and voltage excitation 
of other than sinusoidal shape, Fourier 
sries in trigonometric and exponential 
form will subsequently be introduced. In 
the same part of the course harmonic 
malysis of empirical waves will provide 
a good opportunity to emphasize and 
teach the organizing of extended numeri- 
cal caleulations by means of schedules. 

In most schools the a.c. steady state cir- 
ait analysis will be followed by a gen- 
eal introduction to transient phenomena. 
This will give an opportunity for a sys- 
tematic study of systems of homogeneous 
and nonhomogeneous linear differential 
(or integro-differential) equations with 
constant coefficients. Exponential fune- 
tions with complex arguments will thereby 
taturally enter into the picture. The 
dudents perception and visualization of 
«ponential, trigonometric and hyperbolic 
functions and their interrelations in the 
mplex domain will be further advanced 
inthe following course where steady state 
malysis of filters and transmission lines 
wil be taken up. (It will, incidentally, 
be greatly helped by the use of three 
dimensional relief representations of these 
fmetions). If the transmission line is 
wed as a link in a power or communica- 
tion system it may be interpreted as 
just another four terminal network whose 
teady state current and voltage at the 
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sending end are linear transformations of 
the corresponding variables at the receiv- 
ing end. Systematization of four termi- 
nal network analysis will at this point 
lead to a natural introduction of the 
elements of matrix algebra. 

But while the study of transmission 
lines has its place in the electrical engi- 
neering curriculum because of its im- 
mediate practical application in power 
and communication systems, it is just as 
valuable as an introduction to the phe- 
nomena of general wave propagation. It 
gives an opportunity to acquaint the stu- 
dent with some aspects of partial differen- 
tial equations and the solution of bound- 
ary problems. However, electrical engi- 
neers do not work out each boundary 
problem separately as if it were a new 
problem. They coordinate results by de- 
riving general principles which they ex- 
press in terms of “wave impedances,” 
“reflection coefficients” and the like. 
While all these engineering concepts have 
their origin in the solution of boundary 
problems, they make it unnecessary to re- 
turn to the basic equations in each new 
ease. The development of such concepts 
is of primary importance, not just a mat- 
ter of economy in time. In engineering, 
analysis generally constitutes only a nee- 
essary step towards the ultimate goal. 
The ultimate goal is design and not 
analysis. 

Systems of ordinary or partial dif- 
ferential equations are extremely un- 
wieldy tools in the hands of the designer. 
It is therefore not surprising that elec- 
trieal engineers have always gone all out 
—legally and illegally—for “operational” 
methods. In the students senior or first 
graduate year transient network analysis 
is reconsidered under this aspect. Fune- 
tion transforms which result in the trans- 
lation of complicated problems in the 
original function domain into simpler 
problems in the transform domain will 
receive his undivided attention. The con- 
cept of the Fourier Integral, interpreted 
in terms of frequency spectrum analysis, 
is basic for the communication engineer. 
While mostly unsuited for the purpose of 


Vibe Rey otis 


the explicit solution of individual net- 
work problems, the idea of spectrum 
analysis makes meaningful the creation 
of easily manageable fictional networks 
with idealized characteristics. 

The Laplace Transform will provide 
the final link between the a.c. steady state 
and the transient performance of net- 
works. Naturally the consideration of 
the Laplace transform and its inverse 
will lead to an excursion into the theory 
of complex functions. Only a few theo- 
rems on complex integration will be 
needed, but the student’s knowledge of 
complex functions will be supplemented 
when he learns to appreciate their power 
in the solution of two dimensional po- 
tential field problems. 

Such problems will come up in a dif- 
ferent sequence of electrical engineering 
courses. In this sequence which also ex- 
tends from about the sophomore to the 
senior or first year graduate level, a 
gradual understanding of electromagnetic 
field and wave phenomena is achieved. 
It begins with an introduction to the 
primitive concept of the magnetic circuit, 
so indispensable for the design of ma- 
chines and transformers. It builds up 
gradually to the point where the basic op- 
erations of vector analysis will be ab- 
stracted from already familiar field con- 
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cepts and where Maxwell’s equations ean 
be introduced to the electrical engineer. 
ing student as a natural generalization 
of transformer laws. The discussion of 


-such items as wave propagation, wave 


guides, resonant cavities and antennas 
will follow. They will necessitate the 
solution of various boundary problems 
and thereby lead to the gradual intro- 
duction of many higher functions. I do 
not intend to lead you through every de- 
tail of this phase of the electrical engi- 
neering curriculum, because I do not con- 
sider it to be really relevant just when 
and where every single mathematical 
topic may be introduced. 

It is however relevant, in my opinion, 
that a new mathematical tool be only in- 
troduced at such a point in the course 
where the student can appreciate its nec- 
essity. I also consider it essential, for 
good teaching practice, to introduce new 
mathematical concepts always in such a 
way as to impress the student with the 
fact that the purpose of higher mathe- 
matics in engineering is to simplify mat- 
ters and not to complicate them. I have 
found that by using this philosophy, the 
teaching of mathematics to electrical en- 
gineering students can be a most gratify- 
ing experience. 


College Notes 


A $1,700,000 laboratory for the study 
of materials and methods of processing 
them will become the second unit in Cor- 
nell University’s new engineering devel- 
opment. The Materials Laboratory will 
house the Departments of Mechanics and 
Engineering Materials and will contain 
some of the laboratories of the Depart- 
ment of Engineering Physics. Special 
facilities will be provided for research in 


photoelasticity and other methods of ex- 
perimental stress analysis and for spec- 
troscopy and radiography. The other unit 
will house the Materials Processing De- 
partment of Sibley School of Mechanical 
Engineering and will have facilities for 
research in machine tool production meth- 
ods, the machining of metals and the de- 
velopment of plant layouts for manu- 
facturing purposes. 
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Clarification of Equations for Simple Forced 
Vibration 


BY BLAKE D. MILLS, JR. 


Professor of Mechanical Engineering, University of Washington 


In teaching an elementary vibration 
course from various textbooks, the author 
has encountered an aspect of simple 
forced vibration which the textbooks do 
not make clear. Students have been 
confused by what seemed to them to be 
a contradiction between books; yet it 
should be a straightforward fundamental 
concept. The textbook material is not 
actually erroneous, but it has been mis- 
leading to students. 

The matter involves only the simplest 
possible condition for forced vibration, 
ie, @ harmonic force acting on a mass 
which is supported on a linear spring, 
with no damping. Figure 1 is a typical 
sketch representing this condition. The 
problem is to determine the motion of 
the mass, after the harmonic force has 
begun to act on it. Most vibration text- 
books show a solution for this problem. 
None, however, seems to point out that 
the maximum vibratory displacement of 
the mass depends a great deal upon the 
phase of the harmonic force at the instant 
itis first applied to the mass. 

When it first acts on the mass, the 
foree may be going through its maximum 
value, through its zero value, or it may 
have any intermediate value. Let the 
time t equal zero when the force begins 
toact. Then, in the first case the force 
tan be expressed as F cos wt, and in the 
eeond case as F sin wt. A! the vibration 
textbooks seem to use one or the other of 
these types of expression for the force, 
vith preference about equally divided. 
The choice between F cos wt and F sin wt 
hight seem trivial, but let us see what 
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difference it makes in the final expression 
for displacement in terms of time, and in 
the maximum vibratory displacement. 
Let the force frequency be w and the 
natural frequency be wn, in units of 
radians per second. Assume that the 
mass is at rest in its equilibrium position, 
at the instant that the harmonic force 
begins to act on it, i.e., when time t = 0. 


Fixed Support 


Spring 
Constant 





Mass 











Harmonic 
Force 


Fie. 1. Simplified sketch of 
forced-vibration system. 


Now let us solve for the instantaneous 
displacement of the mass from its equili- 
brium position, at any time ¢. 

If the harmonic force is represented by 
the expression F cos wt, we find that the 
displacement x at any time ¢ is given by 
the following equation: 


xz = C cos wt — C cos wat, (1) 


- 
/ 





where 


F sin wt, instead of F cos wt, the following 
quite different equation is obtained: 





z= Csinw —C (= ) sin w,t, (2) 
Wn 
with C as before. 
Case 1: 


Force = Fcos wt 
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C= F/k 
1 — (w/wn)? 
However, if the harmonic force is . 
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In Equations (1) and (2), the ampli. 
tude of the first term or “forced vibration 
component”’ is the same, and it is equal 
to the constant C. The amplitude of the 
second term or “free vibration compo- 
nent,” however, is not the same in the 
two equations. It is equal to C in Equa 


tion (1), but it is C (* ) in Equation (2), 


This difference has a great effect on the 
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1 — (w/wn) 


%=C sin wt - c(S) sin Wart 


Fic. 2. Time-displacement curves for motion of the mass 
after application of a harmonic force. 

Legend: w/2x = force frequency = 10 cycles per second. 

= natural frequency = 1 cycle per second. 


F/k : 2 ot 
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resultant motion of the mass, if the force 
frequency is much different from the 
natural frequency. 

Take, for example, an instance where 
the frequency of the force is 10 cycles per 
gcond, and the natural frequency is one 
eelepersecond. Figure 2 shows graphi- 
ally the motion of the mass, from the 
time of initial application of the force, 
for the respective cases where the har- 
monic force is F cos wt or F sin wt. These 
curves represent Equations (1) and (2), 
respectively. It is to be noted that the 
peak displacement on one curve is over 
foe times as great as on the other curve. 
With no damping, this situation would 
continue indefinitely. In practical situa- 
tions, the free vibration component would 
eventually vanish due to damping, and 
the steady-state vibration would then 
have the amplitude C. However, in the 
event of sudden application of a large 
harmonic force, the first high peaks of the 
displacement might well cause damage 
before the free-vibration component is 
uficiently reduced by damping. 

Suppose that a student approaches the 
problem just quoted, wherein a 10-cycle- 
per-second harmonic force acts on a 
system whose natural frequency is one 
tyele per second. If he follows any of 
four well-known vibration books, he finds 
the peak displacement to be two times 
the constant C. If he follows any of 
four other equally well-known vibration 
books, he finds the peak displacement to 
be eleven times the same constant C. 
Who is wrong? No one, actually, since 
our books consider the applied force as 
Pcos wt, and the other four books treat 
the case of F sin wt. But none of the 
books makes any mention of the fact 
that the choice between F cos wt and 
P sin wt to represent the force would 
make a significant difference in the re- 
ulting motion of the mass. A brief 
‘planation of that fact, in this author’s 
opinion, would contribute a valuable 
thrification from the students’ point of 
view, 

In an actual situation, the initial value 
ifthe harmonic force would probably be 
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neither the maximum value nor zero, but 
something in between. In that case, the 
force can be represented as the sum of a 
cosine component and a sine component: 
F, cos wt + F2sin wt. Upon solving for 
the displacement in terms of time, we 
obtain an equation which can be put in 
the following form: 


zx = C, cos wt — C; COs wat 


+ C2sin wt — C2 (=) sin w,t, (3) 


Wn 
where 
ae: ae 
1 — (w/w,)? 
and 
C, =; wi 


~*L = (@/an) 


Equation (3) is an expression which 
essentially combines the separate solu- 
tions for the special cases where the force 
is F cos wt or F sinwt. From Equation 
(3), the peak displacements for the inter- 
mediate cases are seen to lie between the 
values for the special cases represented 
by Equations (1) and (2). The text- 
books have covered the one extreme case 
or the other, but have not taken up the 
much more likely intermediate cases, 
represented by Equation (3). 

The author does not present this 
matter as one of great importance in 
practical applications, since damping 
usually allows the free-vibration compo- 
nent to be safely neglected. However, 
that component can be important in 
certain instances. In any event, future 
textbook treatment of the subject might 
well afford to clarify the significance of 
choosing between F cos wt and F sin wt to 
represent the applied harmonic force. 


APPENDIX 


In the preceding discussion, the first 
special case taken up is where the applied 
harmonic force is represented by an ex- 
pression of the form F cos wt. The mo- 


tion of the mass is then represented by 





an equation of the form: 


x = Ccos wt — C COs wal, (1) 
where 
ocheg l 

1 — (w/wn)? 

The following textbooks use the equiva- 
lent of F cos wt for the force, and show a 
solution equivalent to Equation (1). 
Some of the books do not show the solu- 
tion for forced vibration without damping, 
but they show a solution which becomes 
equivalent to Equation (1) when the 
damping factor is set equal to zero. 


“Vibration Problems in Engineering” 
(First Edition), by Timoshenko 
(1928). Page 12. 

“Vibration Prevention in Engineer- 
ing,” by Kimball (1932). Page 30. 

“Elements of Mechanical Vibration” 
(First and Second Editions), by 
Freberg and Kemler (1943 and 
1949). Page 32 in each edition. 

“Advanced Dynamics,” by Timo- 
shenko and Young (1948). Page 
41. (This book also takes up the 
application of any type of applied 
force, with the use of Duhamel’s 
integral.) 


In the second special case, the applied 
harmonic force is of the form F sin wt. 
The motion of the mass is then repre- 
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sented by an equation of the form: 


ieidtiaieaicat (2 ) sin wat, (2) 


n 


_ with C as before. 


The following textbooks use the equiva- 
lent of F sin wt for the force, and show a 
solution equivalent to Equation (2), or 
one which is reducible to Equation (2) 
by setting the damping factor to zero: 


“Vibration Problems in Engineering” 
(Second Edition), by Timoshenko 
(1937). Page 17. 

“Fundamentals of Vibration Study,” 
by Manley (1942). Page 24. 

“Mechanical Vibrations,” by Thomson 
(1948). Page 64. 

“Mechanical Vibrations” (First, Sec- 
ond and Third Editions), by Den 
Hartog (1934, 1940 and 1947). 
First Edition: Page 50. Second 
Edition: Page 56. Third Edition: 
Page 58. 


The following textbooks do not con- 
sider the free-vibration component in 
their discussions of forced vibration, and 
hence do not show solutions for the prob- 
lem under present consideration: 


“Vibration Analysis,” by Myklestad 
(1944). 

“Elementary Mechanical Vibrations,” 
by Church (1948). 


Summer Schools 


The Executive Board has approved the following Summer Schools 
which will be held at Michigan State College either before or im- 
mediately after the Annual Meeting in June, 1951: 


Engineering Drawing—June 21-24, 1951 
Humanistic-Social Studies—June 21-23, 1951 


Mechanical Engineering—Thermodynamics—July 2, 1951 
(for 2 weeks) 
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Survey of the Teaching of Economics and 
Related Subjects to Engineers 


By ALBERT J. 


SCHWIEGER 


Head, Department of Economics, Worcester Polytechnic Institute 


Much has been written about the im- 

portance of training in Economics and 
related subjects for engineers. Little has 
ben reported on that which is being 
taught and how. To secure this infor- 
mation 43 engineering schools and en- 
gineering divisions of universities were 
surveyed in 1949 by the writer and his col- 
kague, Professor Ernest D. Phelps. The 
xhools reporting are listed at the end of 
this article. They include all types of 
engineering schools in every section of 
the nation and probably give a fair sam- 
ple of current conditions in engineering 
teaching. 

At the outset it should be stated that 
the statistical results obtained will be of 
little help to any school looking for aver- 
ages. The reports indicated so much dis- 
agreement that the average of what is 
being done is of no validity. 


Economics 


Only the work in straight engineering 
uricula were studied. Principal at- 
tention was directed toward the teaching 
of introductory economies since this is 
considered a basic course. Thirty-four 
or about 80% of the schools required 
economics of all students. Twelve or 
about a third of these required a six se- 
mester hour course. A like number re- 
quired a three hour course. Six specified 


four hours; two required only two hours; 
ind to scheduled courses of eight and 
tine hours respectively. 

Significantly, nine or about 20% did 
wt require a regular economies course of 
ill engineers. 


To be sure three of these 
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required a social science survey or gen- 
eral studies course which included some 
economics. Two required economies of 
some engineers and two listed it optional. 
However, two eolleges left economics out 
of the curriculum completely. 

The nature of the courses in economies 
also varied considerably. However, it is 
possible to roughly divide them into two 
broad groups: the traditional economics 
course, and the course specially adapted 
to the “needs” of engineers. Twenty 
four or about 70% were traditional 
courses of the more or less traditional 
economic-principles pattern. The  re- 
maining ten schools varied this approach 
in one or more of the following ways: (1) 
greater emphasis on production tech- 
niques and responsibilities; (2) use of 
problems or “cases” to an unusual degree 
to give a more practical slanting; (3) 
choice of instructors with scientific train- 
ing and interests to modify the approach 
and illustrations. 

About half of the schools reported that 
attention had been given to the problem 
of integrating or correlating the work in 
economies with that in allied fields. An 
almost equal number were not concerned 
with this problem. 

Some thirty different textbooks were 
used almost all of them standard books. 
The leaders were Samuelson, “EKconom- 
ies’; Kiekhafer, “Economie Principles 
Problems and Policies”; Meyers, “Ele- 
ments of Modern Economies’; with nine, 
four, three adoptions, respectively. Most 
schools did not attempt to supplement 
the course with visual aids, economic re- 
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ports, outside speakers, plant visits or 
discussion groups; though there were 
notable exceptions to this in a few col- 
leges. 


Subjects related to economics were re-. 


quired by twenty-eight or about 65% of 
the reporting schools. In some cases 
these were specified for all engineers and 
in some for just certain departments. 
These same courses were elective at many 
of the colleges. In addition several 
schools offered a wide range of advanced 
economics electives. Though the specific 
titles varied somewhat it is possible to 
summarize them under seven commonly 
accepted course titles as follows: 

















No. Schools 
Requiring No. 
Schools 
All Some maeiere 
Depts. | Depts. 
Engineering Economy 9 6 2 
Business Law + 4 10 
Business Organization 2 9 6 
and Management 
Accounting 3 4 1] 
Psychology or Human 3 1 
Relations 
Production Engineering] 1 2 2 
Personnel ee 5 
Labor | 2 8 
i 





Opinions of the Economics Course 


After filling in the questionnaire, the 
educators were asked to comment on their 
needs, accomplishments and plans for 
courses in this area. While the com- 
ments were few in number they reflect 
views which the writers believe are prob- 
ably rather widespread. Only one en- 
gineering staff member expressed general 
satisfaction with the present handling of 
economics. Others who did not comment 
may have been satisfied and believed that 
no comment was necessary. 

There were a number of comments 
which revealed dissatisfaction. To quote: 

‘¢Since the principles course in Econom- 


ies does not yet fit our needs, we are post- 
poning requiring it.’’ 


SURVEY OF TEACHING OF ECONOMICS TO ENGINEERS 








‘We have been very conscious of thiy 
problem for a long while and have faile 
thus far to reach a satisfactory understanj. 
ing of our needs by the Department of Rep. 
nomics; hence we are experimenting with 
an unpublished text (by a former industrial 
economist) with a trial section.’’ 


‘“Tt is our general feeling that the fie 
of economics in so far as it is related tp 
Engineering must enter into many of the 
upper division Engineering Courses, that is 
the Engineering instructors in the course 
of the third and fourth years must then 
selves appreciate the place and significance 
of economics in relation to the material 
which they present.’’ (No economics wa 
required at this school.) 


Another college reported that a com 
mittee had been appointed by the Dea 
of Engineering to “explore the possibil:- 
ties of greater cooperation between the 
social science departments and the Col 
lege of Engineering.” 

Several of the engineering teacher 
were of the opinion that the tradition 
economies course was not what wa 
needed by engineers. As one Director 
of an Industrial Management School 
wrote, “Engineers have not as yet com 
around to believing that work in our field 
is essential—not over-anxious. Of cours 
there are exceptions among students ani 
faculty.” 

The few economists who commentel 
were of a different opinion. “TI consider 
this (special course for engineers) inat- 
visable. We discussed it at length but 
felt that what was needed was a goo 
principles course. After all, there simply 
is not one brand of economies for engi- 
neers, and, say another for pre-medic 
Moreover, splitting up courses is peds 
gogically bad.” Another wrote, et 
nomics is “intended as a general culturl 
course, and is not vocationally direeted 
We feel that our other students gail 
from coming in contact with the pois 
of view of the engineers and that the gail 
is not uni-directional.” 
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Observations and Conclusions 


Qne searches fruitlessly in the reports 
of these representative schools for any 
emmonly accepted pattern of curricula 
in this area, not only among the report- 
ing schools but among engineering de- 
partments in the same school. Engineer- 
ing educators write and speak emphati- 
eally about the common needs in this area, 
but the curricula do not reflect their 
opinions. 

The conclusion seems fairly clear that 
neither engineering educators nor teachers 
of economics and allied subjects are fully 
satisfied with the present handling of 
courses in this area. After years of ex- 
perimentation it is well that the situation 
he objectively appraised. There is a real 
need to get below the level of depart- 
nental bickering and personal recrimina- 
tion at which the problem is all too often 
attached. 

The Committee on Engineering Educa- 
tion after the war of ASEE has clearly 
stated the need of engineering students 
for “the acquirement of the ability to un- 
derstand, to analyze, and to express the 
essentials of economic, social, or human- 
istie situations or problems, and to ap- 
preciate the implications and relation- 
ships of such problems to the life and 
work of an engineer.” This is the ideal 
goal which is given to teachers of the 
humanistic-social stem subjects. The 
word “ideal” needs to be stressed for the 
practicability of such a goal has been too 
seldom challenged. Unrealizable goals 
may be a major source of the dissatisfac- 
tion with engineering education in this 
area. Suppose we consider two aspects 
of this question. 

First as to the size and complexity of 
the stated goal. Here is an area of hu- 
man knowledge which is probably wider 
and more detailed in its scope than all 
of engineering science. Liberal arts col- 
leges would consider this goal as a fair 
one to aim for with a four year program 
exelusively devoted to it. Is it realistic 
to expect to accomplish it as a sideline 
along with engineering? Is it any won- 


SURVEY OF TEACHING OF ECONOMICS TO ENGINEERS 





233 


der that attempting to do so frustrates 
the humanistie-social science service staff 
and disappoints the engineering college 
administrators? Realization of the dif- 
ficulty, if not impossibility, of accom- 
plishing this goal in the time alloted may 
well be the first step toward some lessor 
but practicable goal. 

Second, consider the feasibility of eco- 
nomics as a course to meet needs in the 
area blocked out by the Hammond Com- 
mittee. Part of the difficulty here is due 
to a misconception on the part of engi- 
neers as to just what economies is and 
what competent economists can be ex- 
pected to contribute. Economics is only 
one of the social sciences and a year or a 
semester course of it cannot supply a 
complete introduction to social science 
and business concepts. Its usefulness in 
adding to the “plus” side of engineering 
has been oversold to the sorrow of those 
of us who try to “deliver the goods.” 
Unfortunately somewhere along the line 
of development, economics appeared to 
be a handy packaged way to meet the 
needs expressed by engineers for greater 
social and business understanding. The 
idea caught on and the illusion has per- 
sisted. 

Lack of realization of the two points 
mentioned above as hard facts has kept 
school after school fruitlessly searching 
for the “right approach,” the “right text” 
and the “right instructor” to “meet the 
needs.” Recently a few colleges have un- 
dertaken to experiment with broad, newly 
conceived general survey or general 
studies courses. This gets away from the 
inherent incompleteness of economies, but 
it still attempts the enormous task of cov- 
erage mentioned above. The time allotted 
for such courses is so limited that the 
seven-league-boot strides of the teacher 
may well leave the student dizzy or dis- 
couraged. The engineer who is attracted 
by the newness of these courses should 
properly adjust his expectations by ask- 
ing himself what he could expect to do in 
a similar time toward giving a survey of 
all of the engineering sciences to liberal 
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art students who enter his course as a 
minor sideline to non-engineering studies. 

Real study to arrive at a systematic, 
realistic, planned attempt to broaden the 
understanding of undergraduates in this 
area is long overdue. Except in isolated 
instances, efforts have too often stopped 
with a statement of goals and minor ad- 
justments. In the meantime many of the 
engineers and economists carry on their 
cold war of dogma. An impartial expert 
commission of engineers, social scientists, 
and business educators could help bring 
understanding and agreement as to opti- 
mum use of the precious time set aside in 
curricula in a hope that more good will 
come out of it toward the goal stated 
by the Hammond Committee. Probably 
those who are experimenting with genuine 
attempts to synthesis the social sciences 


for engineers are on the right track, 
Probably the problem of time limitation 
could be partly relieved by economically 
weaving some of the teaching into the 
existing engineering courses. Some such 


solution may be the only way to get satis. 


factory results within four years. This 
will not be easy for there is very littl 
experience to go on. Subject matter 
orientation and teaching materials ar 
largely lacking. Lacking also are enough 
engineering instructors capable of giving 
the wider scope to their technical spe 
cialties. None of these difficulties, hov- 
ever, should deter some genuine coopera 
tive spadework by a determined team of 
workers as suggested above. The record 
is clear that half measures will not meet 
the need with which engineering eduea- 
tors are struggling. 
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Visual Aids in Education 


By WALTER L. SHILTS 


Head, Civil Engineering Department, University of Notre Dame 


In the category of visual aids we may 
indude anything other than the textbook, 
which the student may see, and which will 
thereby aid him in any manner to acquire 
a better knowledge and understanding of 
the matter under discussion. We might 
also add, anything which will enable him 
to acquire the same knowledge and under- 
sanding in less time. 

In the discussion of visual aids, the 
matter of time is of the utmost impor- 
tance. In a curriculum which is badly 
over-erowded, every credit hour must be 
justified. Because of poor presentation 
and development, a course of three hours 
edit may be made to cover only mate- 
tial which should be presented in two 
hours. Visual aids or any other kind of 
aids should serve to reduce, not increase, 
time—so that more matter can be covered 
in the allotted three hours, or so that the 
same matter can be covered in two hours 
taher than three and the extra hour 
given up to something else. Every kind 
of teaching aid considered should be 
given a cold-blooded scrutiny, and ruth- 
kssly rejected if it does not meet the 
tbove requirement. 

The simplest and most obvious visual 
tid is the blackboard and chalk, without 
which we would all have to drastically 
change our teaching methods. It is un- 
loubtedly the visual aid with which we 
‘ould least dispense, and the most versa- 
tile of all aids. A teacher of Engineering 
should develop the art of technical sketch- 
ing so that when he wishes to illustrate a 
point, he ean quickly produce a sketch 
which is legible and a reasonable facsim- 
ile of what he is trying to show. To be 


wost effective, the sketch must frequently 


technical journals. 
of referring to and discussing these at 
times, and have all encountered difficulty 
in doing so. 


blackboard. 
inated by the use of an opaque projector, 


greater satisfaction. 
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be made without warning, in answer to 


an unexpected question from a student. 


If properly developed, this art of quick 


sketching can be made a powerful teach- 
g I 


ing tool. 


Time Saving Element 


Many illustrations, diagrams, tables, 
and the like appear in textbooks and 
We all find the need 


It would use up too much 
valuable time to reproduce these on the 
This difficulty can be elim- 


which will enable the instructor to repro- 


duce the figure on a screen, and point out 


whatever he wishes to eall to the atten- 
tion of the class. If it is something to 
be used often, a slide can be made of it, 
and used for projection with somewhat 
Slides can also be 
made, showing tables, curves, diagrams, 
ete., not found in a book, and projected 
for discussion and explanation before a 
class. This can probably be done more 
economically and effectively on a depart- 
mental, rather than individual basis, if 
all members of the department cooperate 
in the making of the slides—particularly 
for courses in which different sections 
are taught by different teachers. To be 
effective, these must be carefully made— 
so that when projected they can be read 
by the audience, and the instructor can 
omit the apology frequently heard, “Of 
course you can’t read these figures, but. 

There are also slides and films which 
may be obtained from industrial econ- 


cerns. Many of these are worth while, 
and will show the student something 
which it is almost impossible to show 
otherwise. With few exceptions, how- 


ever, even the best of these industrial . 


films take more time than needed to il- 
lustrate a point for college students—or 
we may say they are not quite on college 
level. And some of them are of a grade 
which could only be called entertainment. 
If an instructor makes use of these indus- 
trial sources, he must certainly preview 
the films and slides and omit those which 
are not of high educational level and 
which do not meet his particular require- 
ment. 

One of the latest aids in this line, the 
Vu-graph, is a machine which, as the 
teacher writes or draws at a desk, will 
project this writing or drawing on a 
sereen as it is being done. The same ma- 
chine will project slides or opaque views. 

In many eases, charts, tables, graphs, 
and the like can be made to large scale 
and hung on the wall before a class— 
large enough to be readily visible to all. 
They should be of the size and character 
of a good projected slide. 


Models Helpful 


Models of various and sundry kinds 
are helpful. I have found that students 
in Strength of Materials, sometimes are 
unable to solve fairly simple problems, 
because they do not have the correct no- 
tion of an angle, channel, or I-beam sec- 
tion. A display of short pieces of these 
sections is of tremendous aid to them. 
Here again a departmental collection is 
probably better than an individual one, 
but sometimes it takes an individual to 
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spark the department—or shall I say the 
Departmental Head? 

In courses accompanied by laboratory 
work, the ideal condition is to have the 
laboratory in the classroom or to hold 
class in the laboratory—so that as a prin. 
ciple is discussed it may immediately le 
demonstrated. With our crowded enroll- 
ment and schedules this is in most case 
impossible, although in some courses q 
demonstration period is included so thai 
this condition is approached. Some ug 
can be made of demonstration tables op 
wheels, so that for certain purposes 4 
small portable laboratory is wheeled into 
the classroom. But do we all make as 
great an effort as we can to correlate the. 
ory and laboratory work? If not, the 
effectiveness of the laboratory as a visual 
aid is greatly diminished. 

Most of us, I presume, use mimeo- 
eraphed notes, examinations, ete. If not, 
why not? I am reminded here of the stu- 
dent who sat with a bored look in the 
back of the classroom while the teacher 
filled the board with material which he 
desired the class to reproduce in their 
notebooks. At the end of the period, 
while everyone else had writer’s cramp 
from scribbling notes which they would 
have difficulty reading later, this boy 
stood up, pulled out a candid camera, took 
a photograph of the board, and walkei 
out of the room. 

Some of the aids mentioned herein ar 
expensive and difficult to acquire « 
make, and take a lot of valuable time 
Some which are used consume more time 
than their value warrants. But let 
not miss the simple and obvious aids. and 
time-savers—which I am afraid many o 
us do at times. 
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The Lamme Medal 


To receive the Lamme Medal is a very 
high honor; to date twenty-three dis- 
tinguished educators have been given the 
honor. A committee of twelve is charged 
with the final selection, but the Committee 
is very anxious for the membership to 
participate. Each year a notice is pub- 
lished in the JOURNAL OF ENGINEERING 
EDUCATION requesting nominations, and 
each year one or two names are presented 
from a membership of nearly seven thou- 
sand. Two nominations do not comprise 
mough membership participation; there 
should be an avalanche of good sugges- 
tions. 

Among the membership of the Society 
there are hundreds of teachers and ad- 
ninistrators who fulfill the requirements 
st out by the Committee many years ago: 


1, Achievements which can be taken as 
proof of excellence in teaching or as 
having contributed to the art of 
technical training, will be given 
major consideration. 

. Only those achievements will be con- 
sidered which seem to have the pos- 
sibility of lasting influence or which 
have sufficiently stood the test of 
time. 

3. Books, articles, contributions to 
method and research, which have a 
beneficial effect upon the teaching 
of engineering, will be given con- 
siderable weight in making the deci- 
sion, 

. Participation in the work of Engi- 
neering and Educational Societies 
is not necessary for eligibility. Such 
participation, however, will be given 
due consideration if it has led to 
definite and recognized results in 
bettering technical education. 

. Achievements outside of the field of 
teaching, such as employment in in- 
dustry, consulting work, inventions, 


rn 


rs 


or 
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ete., will be considered as of second- 
ary importance in making the award. 
6. Administrators in engineering schools 
are eligible. Only that work of Ad- 
ministrators, however, will be con- 
sidered which has led to definite and 
recognized improvements in method 
of teaching or in the art of techni- 
eal training. 
7. Emeritus Professors are eligible. 
Nominations should emphasize the con- 
tributions of candidates to these major 
objectives. Any member of the Society 
may place a name before the Committee 
by giving a brief outline of achievements 
which qualify the nominee for considera- 
tion. The Committee prefers individual 
nominations to group nominations which 
result from a campaign by some mem- 
ber, though spontaneous group endorse- 
ment is a very satisfactory way to nomi- 
nate. 
The Committee suggests that statements 
regarding nominees be made according to 
the following outline: 


1. Preparation for teaching work— 
school, year graduated, degree, post- 
graduate work, honorary degrees. 

. Accomplishments as a teacher. 

. Advancement of the art of technical 
training—books, articles, contribu- 
tions to method, research, ete. 

4. Administrative work in engineering 


GW bo 


schools. 

5. Membership and participation in 
Engineering and Educational So- 
cieties. 

6. Engineering practice—employment 
in industry, consulting work, inven- 


tions, ete. 
7. Other achievements. 


Nominations should be sent to the 
Chairman of the Committee, Nathan W. 
Dougherty, University of Tennessee, 
Knoxville, Tennessee, by January 1, 1951. 





The George Westinghouse Award is an 
annual award established in 1946 by the 
Westinghouse Educational Foundation to 
recognize and encourage outstanding 
achievement in the teaching of students 
of engineering. The Award consists of 
$1000, together with an engraved certifi- 
cate. The recipient is selected by a ten- 
man committee, nine of whom are ap- 
pointed by the President of the Society. 
There is also a representative from the 
Foundation. The Award for 1951 will 
be presented at the banquet of the an- 
nual convention at Michigan State Col- 
lege, East Lansing, Michigan, June 25- 
29, 1951. 

The recipient of the Award must have 
made a significant contribution to the 
teaching of engineering students and 
shall have distinguished himself in sey- 
eral of the following ways: 


1. Record as a teacher. (Evidence of 
superior teaching and guidance of 
students as demonstrated by records 
of former students, indications of 
unusual subject matter competence, 
ete.) 

2.Improvements of the tools of teach- 
ing. (Textbooks and student notes, 
descriptions of special courses or 
curricula, diagrams and models, new 
laboratory and teaching equipment, 
ete. ) 

3. Other activities contributing to the 
improvement of teaching. (Mate- 
rial relating to the development of 


The George Westinghouse Award 


teachers in the nominee’s depart- 
ment or teachers in general, the de. 
velopment of testing and guidane 
program for students, the promotion 
of cooperation with other types of 
educational units or with industry, 
coordination of fields of subject 
matter, ete.) 

4. Evidence of high intellectual capac 
ity. (Brilliance of mind as mani- 
fested by contributions to literature, 
degrees and honors received, ete.) 


The Award has been established to en- 
courage younger men who have shown by 
their past record evidence of continuing 
activity as superior teachers. To them 
the Award may serve not only as a re 
ward but as an incentive toward further 
achievement. 

In order to achieve this intent, it is 
deemed essential to limit the Award to 
those who have not reached the age of 
45 by the date of the annual presentation. 

Nominations may be made by any pet- 
son, organization, or group and are to be 
submitted before March 1, 1951, to the 
Chairman of the Committee on Award, 
Dean R. E. Vivian, University of South 
ern California, Los Angeles 7, California. 
Nominations must be made on forms 
available from either the chairman of the 
Committee or from the Secretary of the 
Society. Nominations should be accom 
panied by significant evidence supporting 
statements and claims. 
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James H. McGraw Award in Technica] 





Institute Education 


The purpose of this award is to recog- 
nize and encourage outstanding contribu- 
tions to technical institute education. 
Candidates for it may be teachers, au- 
thors, or administrators who are, or have 
been, affiliated with an institution which 
offers or sponsors training of the techni- 
cal institute type. 

This is an annual award of the sum of 
$500, and it is made at the annual dinner 
of the Technical Institute Division of the 
American Society of Engineering Educa- 


tion each June. It is made upon the ree- 
ommendation of the James H. McGraw 
Award Committee, members of which are 
appointed annually by the president of 
the American Society of Engineering 
Education. Nominations for the award 
should be sent to the chairman of the 
Committee, Professor H. P. Rodes, Uni- 
versity of California, Los Angeles, Cali- 
fornia. The award is made possible by 
the McGraw-Hill Book Company in mem- 
ory of James H. McGraw. 


Important Notice 


Shorter, Less Expensive Pre-Engineering Test 
Now Available 


With the aid of the joint ASEE-ECPD 
Advisory Council the Measurement and 
Guidance Project in Engineering Educa- 
tion has devised certain improved test- 
ing services for engineering colleges. 

I. To meet the need for a short, inex- 
pensive, and easily administered test gen- 
erally quite predictive of scholastic suc- 
tess in engineering colleges, a new 80- 
minute Pre-Engineering Ability Test will 
be offered for sale by Educational Test- 
ing Service on and after July 1, 1951. 

Derived from the two most predictive 
parts of the Pre-Engineering Inventory, 
the new 80-minute test is estimated to 
have a validity nearly as high as for the 
composite score from the Inventory. 
Norms carefully equated to the original 
tational norms will be furnished so that 
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the test can be effectively used as soon 
as purchased. 

A eost of 12 to 15 cents per examinee 
for test materials is made possible by 
separate answer sheets and reuse of each 
test book four to six times. Answer sheets 
and test books will be sold in packages 
of twenty-five; answer sheets for 80 cents 
per package; books for 40 cents each or 
$10 per package. Scoring stencils are 25 
cents each (only one is needed). The sale 
of tests in restricted to colleges and to 
technical institutes accredited by ECPD. 

II. After January 1, 1951, users of the 
Pre-Engineering Inventory who prefer 
to continue to use the four-hour “Short 
Form” or the six-hour “Long Form” may 
purchase test books, answer sheets, and 
scoring keys. Only engineering colleges 
and ECPD accredited technical institutes 
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may purchase the tests. A cost of 50 to 
60 cents per examinee is made possible by 
separate answer sheets and reuse of test 
books four to six times. 


Under this new plan the costs are as . 


follows: 





NEW-PRE-ENGINEERING TESTS AVAILABLE 


at a cost of $1 per examinee for the Short 
Form, $2 per examinee for the Long 
Form. For an additional $0.75 per ex. 
aminee, distributions will be furnishei 
comparing the group tested against na- 
tional norms. 








Test Books 


Answer Sheets Scoring Stencils 





Unit of Sale One book or one set of 
two books 

Cost 
Short Form $1.50 per book 

$2 per set of two books, 
I and II 


Long Form 








Package of 25 sets One set 


$1 (4, one for each 
test) 

$1.50 (7, one for each 
test) 


$2 per package 


$2.50 per package 








Some of the test books may have been 
used previously but all are in excellent 
condition. Books usually can be reused 
five to eight times. Only the inexpensive 
answer sheets need be repurchased. 
Educational Testing Service will score 
and report scores on an alphabetical list 


Individual announcements of these new 
services have been mailed to deans of er- 
gineering and to other interested persons, 
Further information may be obtained from 
Dr. A. Pemberton Johnson, Educational 
Testing Service, 20 Nassau Street, Prinee 
ton, New Jersey. 
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re Long 

per ex- 

urnished 

inst na- 

encils 

for aa The industrial outlook of this great 
Pacifie Northwest has appeared in the 

> for each | national limelight on many oceasions. 
Perhaps the most forceful incident took 
place recently in the dedication of the 
great Grand Coulee Dam. This event 

hese ne¥ | tsysed the editors of the nation’s news- 

ns of en- papers and magazines to take more than 

persons. F ist a cursory glance at the Pacifie North- 

ned from Ff ivest, and much publicity appeared in 

ucational 1 ioth the newspapers and magazines, ana- 

t, Prine f ivzing and forecasting our tremendous 
future industrial growth. 
In the May 15th issue of Time Maga- 
ane there appeared an article entitled, 
“Land of the Big Blue River,” describing 

= the Grand Coulee Dam and presumably 








evaluating the effect of the Columbia 
River hydroelectric power development on 
the economy of the region. I quote from 
this article a paragraph, headed “Out of 
the Wilderness” : 


“World War II tripped off the biggest 
influx of newcomers in the Northwest’s his- 
tory. It has gained a million and a half 
people. The population of Washington 
jumped from 1,700,000 to 2,500,000 between 
1940'and 1950; Oregon went from 1,000,000 
to 1,600,000. For the first time the North- 
west, risen from the raw wilderness in a 
little more than a century, seemed to be 
within range of becoming an industrial 
dominion, rather than a mere outpost of 
eastern manufacturing and finance’’ (1). 


We of the Pacifie Northwest know only 
foo well that we are merely “within range 





*Paper delivered Monday, June 19, 1950, 
at 58th Annual meeting of the Engineering 
College Research Council at the Annual 
Meeting of the ASEE, Seattle, Washington. 
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Industrial Research and Its Effect on Industrial 
Trends in the Pacific Northwest* 


By DON W. WALTERS 


Managing Engineer, Inland Empire Industrial Research, Inc., Spokane, Washington 


of becoming an industrial dominion,” and 
we know also how long that range is. 
Our economy is still based primarily on 
mining, lumbering, agriculture and fish- 
ing, and though these are huge industries, 
they do not fully support the expanding 
population. Furthermore, we know that 
our natural resources are exhaustible. 
This latter is information which our fore- 
bears did not have, especially with regard 
to our stands of timber. Let us examine 
briefly then the growth of industry in the 
Northwest. 

It was not until the end of the nine- 
teenth century that the region became 
aware of its industrial potential. State- 
ments to this effect began to appear in 
the several local newspapers of the area 
and the following item which appeared in 
the Oregonian August 21, 1880, had this 
to say: “Nothing short of the wonderful 
resources of the Northwest country would 
have kept up the rate of progress which 
the country has enjoyed.” 

In spite of this wealth of natural re- 
sources in timber, fish, minerals and agri- 
culture, the Northwest has been dependent 
upon eastern manufacturers for finished 
goods and upon eastern capitalists for 
capital with which to buy eastern-made 
commodities. None the less, by the end 
of the nineteenth century industry had a 
good start in the region. 


Growth Trends 


Statisties show that this four-state area 
in 1899 had 4014 manufacturing estab- 
lishments, providing production employ- 
ment for 57,388 people, with an annual 
payroll of $32,082,000. Value added by 
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manufacturing was estimated to be $112,- 
313,000. By 1947 our manufacturing es- 
tablishments had increased to 7801, em- 
ploying 243,940 production workers, with 


an annual payroll of $693,687,000. Value . 


added by manufacturing increased to 
$1,751,095,000. It is also interesting to 
note an increase in population during 
this same period of approximately 3,578,- 
260 (2). 

Without a doubt research has played an 
important part in this growth, and has 
an even greater part to play in the future 
development of our tremendous indus- 
trial potential. At this point it might be 
well to take a look at some of the poten- 
tial I am talking about, so let us con- 
sider an example in the field of minerals. 
The Bureau of Mines Mineral Yearbook 
for 1947, which I believe is the latest 
available, gives the value of minerals 
mined in the Pacifie Northwest as $211,- 
638,000. At Pennslyvania State College, 
Professor Edward Steidle, Head of the 
School of Mineral Industries, worked out 
a formula for his own state, a ratio be- 
tween actual mineral value and the total 
ultimate value through processing raw 
materials into products, which is generally 
accepted throughout the mining industry 
(3). If we apply this formula we find 
that in the Pacific Northwest we are 
realizing only the actual mineral value 
of $211,638,000 from a_ potential of 
$1,693,064,000. 

Obviously then the possibility of in- 
creasing the wealth of the region merely 
by being able to process, fabricate and 
use the fruits of our own labor, quite 
conclusively indicates the need for even 
greater utilization of industrial research 
by industries of the Pacifie Northwest. 

Here in the state of Washington by act 
of the State Legislature, the Washington 
State Institute of Technology was estab- 
lished January 1, 1946 at the State Col- 
lege of Washington, Pullman, and the 
Division of Industrial Research was ere- 
ated at the same time as a subordinate 
branch to serve the people of the state by 
carrying on work in applied research for 
the benefit of local industry and to act 
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as a training ground for advanced tech. 
nology students. In cooperation with 
the Division of Industrial Services, jt 
collects and disseminates technical infor. 
mation of value to industries. Work in 
virtually every field of technology, from 
bacteriology and food processing to hy. 
draulics and electronics, is being carriel 
on by the Division of Industrial Researeh, 

Increased research activities are much 
in evidence here at the Engineering Ex. 
periment Station of the University of 
Washington, at Oregon State College, the 
University of Oregon, the University of 
Idaho, Montana State College and the sey- 
eral other institutions, totaling 14 State 
and Federal research organizations and 
6 associations with research facilities. In- 
dustry itself maintains its own resear¢h 
laboratories in 23 privately owned con- 
panies, such as Boeing Aircraft Company, 
Weyerhaeuser Timber Company, Kaiser 
Aluminum & Chemical Company, and 
Crown Zellerbach Corporation, just to 
mention a few (4). 

The organization of which I am Manag- 
ing Engineer, the Inland Empire Indu. 
trial Research, Inec., is another facility 
here in the Northwest, implementing r 
search in filling a gap between the re 
search laboratory and industry, by pre 
senting and assisting in the application 
of results of research towards the de 
velopment of new products, the improve 
ment of industrial processes, and the & 
tablishment of new industries to use ou 
natural resources. Although privately or 
ganized, we are a nonprofit organizatio 
operating in the public interest, the mem- 
bership benefiting only through the e& 
panded development and increased pro 
perity of the area. 

The instances in which industry hi 
been aided by research in the Paeili 
Northwest are legion. To be more spe 
cific, I have gathered reports on a fer 
definite problems that have heen solve 
through research to the benefit of it 
dustry. 

In the field of forest products, we fini 
that through the efforts of the Oregd 
Forest Products Laboratory of Corvallis 
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Qregon, a most notable example of the 
creation of an entirely new industry, as 
a direct result of research in their labora- 
tory, is the inception of commercial pro- 
duction of wax from Douglas Fir bark by 
the Oregon Wood Chemical Company, 
Springfield, Oregon. This company has 
leased the Government-owned wood sugar 
alcohol plant erected during World War 
II. The production of wax from Douglas 
Fir bark will ultimately become a sec- 
ondary product, because the company is 
committed by its lease to manufacture 
wood sugar and molasses from wood 
residue. 

It goes without saying that research 
was responsible for the development of 
plywood, and a current illustration in this 
field in the Northwest is the development 
of exterior Douglas Fir plywood. The re- 
search work of the glue manufacturers in 
developing phenolic resin glues with set- 
ting temperatures which do not decrease 
the strength level for wood, made pos- 
sible the production of exterior grades of 
plywood. Research also had to be ear- 
tied on in the field of hot press design, 
in the auxiliary equipment and in some 
instances in properly tempering and con- 
ditioning the plywood, before it could be 
satisfactorily used. As a result Douglas 
Fir plywood today enjoys much wider 
markets and serves many purposes be- 
cause its glued joints are entirely de- 
pendable, even under wet surface condi- 
tions. Its production has expanded tre- 
mendously. 

Three plants in the Pacific Northwest 
now producing cardboard are a direct re- 
sult of research, and with continued ac- 
tivities in this field it is expected that two 
or three more plants will be going into 
production on this type of product in 
the very near future. 

One of the most outstanding results of 
research in the forest products field, as- 
suring long range benefits, has come from 
a new processing accomplishment which 
is symbolized in the Springfield, Oregon, 
plant of the Weyerhaeuser Timber Com- 
pany. Here is found the first large scale 
and permanent transition from the tradi- 


INDUSTRIAL RESEARCH IN THE PACIFIC NORTHWEST 





243 


tional wasteful one-product plant to one 
of complete utilization. 

Research carried on by the Western 
Pine Association has resulted in: 

The development of a clear, paintable, 
effective preservative “Permatol,” which 
has led to greater and more efficient use 
of lumber. 

Their development of a knot sealer 
WP-578 has increased the market for 
lower grade pine, and work on naval 
stores carried on in the laboratory was 
instrumental in the establishment of an 
extraction plant by Hercules at Klamath 
Falls. 

The private laboratories of Arthur J. 
Norton, Seattle, Washington, developed a 
low temperature curing resin from resor- 
eins which has proved valuable not only 
to the Pacifie Northwest but also to other 
regions of the country in the woodwork- 
ing industry. The Norton Company also 
helped in developing “Armafoam,” a 
foamed-in-place resin for the aircraft 
industry. 

The flotation studies of Dean Fahren- 
wald and his coworkers at the University 
of Idaho have resulted in machines and 
processes which have been widely used 
in the Pacific Northwest by industry. The 
most recent, a phosphate beneficiation 
process, has been adopted by the Ana- 
conda Copper Mining Company. The 
fuming process, for the recovery of anti- 
mony and its separation from gold and 
silver ores, is being used in the new anti- 
mony smelter constructed by the Bradley 
Company at Stibnite, Idaho. This too 
was developed by Dean Fahrenwald and 
his coworkers, particularly Professor 
W. D. Wilde, of the Bureau of Mines and 
Geology at the University of Idaho. 

That the research engineer can solve 
problems dealing even with such factors 
as the peculiar whims of a fish has been 
demonstrated by the success of the spe- 
cial fishways constructed in 1945 in the 
Frazer River area of British Columbia, 
the chief spawning grounds of the sock- 
eye salmon. These fishways were based 
on models designed in the hydraulics 
laboratory of the University of Washing- 
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ton under the direction of Professor C. W. 
Harris (5). 

A splendid piece of engineering re- 
search was done by the Northwest Ex- 


periment Station of the University of - 


Washington, as a result of the failure of 
the Tacoma Narrows Bridge. A project 
was set up in the structural research labo- 
ratory for the purpose of developing a 
shape for the suspended structure which 
would be aerodynamically satisfactory, 
and reached what is confidently believed 
to be a Successful conclusion in December 
1945 (6). 

These are but a few of the notable in- 
stances of the results of research for in- 
dustry which have been selected not in 
order of importance, but rather as ex- 
amples thought most apropos to the pur- 
pose of this discussion. I am sorry that 
time will not permit the review of more at 
this time. 

From this brief summary of Pacific 
Northwest industrial research activities 
and their effect upon the industrial growth 
of the area, I am sure you will agree it 
has been clearly evident that research ap- 
pears as an underlying network of 
strength in our progressive economic 
growth, and while not too tangible from a 
dollar and cents evaluation, it neverthe- 
less has been a dynamic factor in the 
steady and successful conquering of a 
last frontier. 

We do have several handicaps in our 
path to a more intensive manufacturing 
economy, one being the lack of popula- 
tion, which time alone can solve—and 
then only if we maintain a better and 
more stable plane of living so that living 
is better here than elsewhere. Another is 
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our freight rate structure which provides 
primarily for outbound raw material, 
This too can be corrected in time. 

Along with these drawbacks, however, 
are the advantages gained in the larg 
seale expansion of electric power which js 
taking place, so great in fact, it is now 
considered as a new resource. While loy. 
cost power may be combined with min. 
erals in important new activities, it would 
seem that its application to the ind. 
trial use of agricultural and forest prod- 
ucts offers even more far-reaching po. 
sibilities. Research is the additional in. 
gredient necessary if such possibilities 
are to be realized. 

True, the Pacific Northwest is still de 
pendent on making its living from the 
forests, the mines, the sea and the land, 
but better organized and increased indus- 
trial research activities, effectively ap- 
plied, can and will provide this vital i- 
gredient, contributing greatly to the de 
velopment of our manufacturing ani 
productive capacity, and leading to 1 
more desirable balance in our regional 
economy. 
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There are three basic ways of acquiring 
nowledge: (1) learning from experi- 
wee, by actually performing an experi- 
uent, by solving a problem, by observa- 
tion, by doing or experiencing something ; 
() learning from a more experienced 
prson—a teacher, or a practicing engi- 
wer; (3) by reading the recorded experi- 
ees of others—whether in books, jour- 
uls, reports or similar media. The first 
two have been discussed and studied at 
lagth. It is the third system that we 
vish to examine more closely, particularly 
the collection of printed materials, or- 
ganized to provide maximum informa- 
ion, in other words, a library. 

The present extent of technical and 
wentifie literature is staggering. Since 
1665, when the Journal des Scavans and 
the Philosophical Transactions of the 
Royal Society were established, scientists, 
inventors and engineers have recorded 
tleir discoveries and findings in increas- 
ig numbers of journals. The publica- 
tion of technical books can go back as far 
ancient Egyptian days, when an engi- 
leer wrote a book on the design and con- 
iruction of the Pyramids. At the pres- 
at time it is estimated that each year 
wme 15,000 useful scientific periodicals 
te published, containing about 750,000 
wticles. The Engineering Index annually 
lists approximately 50,000 articles in 


*Paper presented before the Engineering 
khool Libraries Committee at the A.S.E.E. 
“nvention, University of Washington, Seat- 
tl, June 20, 1950. 
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The Integration of Library Service with 


Teaching and Research, in Engineering 
School Libraries* 


By JOHANNA E. ALLERDING 
Librarian, Engineering Library, University of California, Los Angeles, California 


1350 publications. Over 10,000 technical 
and scientific books pour from the presses 
each year. In opening the Royal Scien- 
tifie Information Conference in London 
in 1948, the Chairman, Sir Edward Ap- 
pleton, said: 


‘*This spate of scientific publications may, 
I think, be illustrated in the following way. 
If anyone set himself the task of merely 
reading—let alone trying to understand— 
all the journals of fundamental science pub- 
lished, and worked solidly at his task every 
day for a year, he would discover that at the 
end of that year he was already more than 
10 years behind! If the same constant 
reader (I think we may well call him a con- 
stant reader) had included the technical 
literature as well, he would find himself 
about 100 years behind in his work after 12 
months’ effort!’’ t 


With all of this recorded knowledge 
available, the engineering library becomes 
an important part of both the teaching 
and the research activities of engineering 
schools. The following discussion con- 
cerns primarily the relationship or inte- 
gration of the library with these activities. 


Building the Library Collection 


A library is effective only insofar as it 
meets the needs of its clientele. The col- 
lection of books and journals should be 
adequate for the subjects taught and the 


t Royal Society of London, Scientific In- 
formation Conference, 1948. Report and 
papers submitted. London, Royal Society, 
1948. p. 20. 





research work being conducted. Let us 
examine first the building up of such a 
collection, assuming that sufficient funds 
are available. 


The administration, whether the Dean,: 


the director of research, or other person 
in charge of planning, should keep the 
librarian informed of anticipated courses 
of instruction and research projects, so 
that the necessary library materials can 
be acquired in advance of the needs. En- 
tirely new subjects, such as ceramic engi- 
neering, might require additional funds 
to cover the field adequately in a reason- 
ably short time. The librarian can learn a 
great deal of the future subject needs by 
sitting in on departmental and staff meet- 
ings where instructional course and re- 
search plans are discussed. 

The research staff members should con- 
sult with the librarian early in the devel- 
opment of their project regarding the 
nature of the library materials which will 
probably be required. Research litera- 
ture is often difficult to locate and ob- 
tain on short notice, resulting in delay 
to the project if insufficient time is al- 
lowed to acquire it in advance. This ap- 
plies even to material which is to be 
borrowed on interlibrary loan. One 
should not wait until the last minute to 
request such material, as it may take con- 
siderable time to locate and borrow or 
reproduce a copy of the desired reference. 

The faculty member or lecturer should 
learn enough about the limitations of the 
library’s resources to plan his reading 
and report assignments accordingly. He 
should know how long it takes to acquire 
new titles and process them for use. 
Lists of his collateral reading assignments 
should be discussed with the librarian well 
in advance of the assignments, so that 
titles not in the collection can be pur- 
chased and prepared in time for the 
students to have access to them when 
assignments are made. The instructor 
should also consider and inform the li- 
brarian as to the number of students who 
will be needing the material, and if the 
material will be used for a brief time, for 
one semester only, or for several semes- 








246 INTEGRATING LIBRARY SERVICE WITH TEACHING AND RESEARCH 


ters. This has a direct bearing on the 
number of copies which the library yj 
wish to purchase. 

The entire engineering staff should lk 
come familiar with the nature of th 
library collection, especially its weak 
nesses, and recommend both new ani 
basic older books and journals for x. 
quisition. This can be done through a 
library committee or by direct suggestion 
to the librarian. Librarians are partic 
ularly pleased to receive recommend. 
tions of obscure but valuable titles whic 
are not listed or reviewed in ordinay 
channels. 

Finally, donations of personal copig 
of books and journals no longer needed 
by the staff are welcome as a means of 
filling in gaps, replacing worn-out or log 
copies, or as a medium of duplicate a 
change with other libraries. It is ther 
fore through foresight and awarenes 
of needs that a library can be built » 
to meet the demands of students, faculty 
and research staff. 


Library Service 


When a suitable collection has bea 
acquired, the means of making it avail 
able is of primary importance. It 
brarians are no longer just custodians of 
books, but serve as a liaison between the 
collection and the readers. A certain 
amount of organization and planning & 
essential. 

A good ecard eatalog of the engineering 
library collection is the first requirement. 
It should be possible to locate a book 
from several approaches, such as by at 
thor, subject or sponsoring society. Eva 
if the engineering library’s holdings at 
represented in the general catalog of th 
institution, it is important that the de 
partmental library have an adequate calt- 
log which is not only immediately acces 
ble, but also tailor-made for the needs 0 
the engineering clientele. By this 3 
meant that extra entries are made fé 
societies responsible for a publicatio 
(such as the American Society of Me 
chanical Engineers), the series title and 
number of a book published as part of! 
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gries (such as the Massachusetts Institute 
of Technology, Radiation Laboratory Se- 
ries), and specific subject headings which 
reflect the terminology of the courses and 
research work. For example, a profes- 
gr teaching courses in ceramic engineer- 
ing would not look under POTTERY for 
hooks on ceramics as an engineering sub- 
ject. Nor would one wish to look through 
dozens or hundreds of cards filed under 
ELECTRIC ENGINEERING or MATH- 
EMATICS to find a book on the mathe- 
maties of electrical engineering. 
Arrangement of the collection by func- 
tion makes it easier to use the library re- 
surees. All of the indexes to periodical 
literature should be grouped in one area, 
regardless of the particular subject clas- 
sification number. This will not only 
facilitate literature searching but call at- 
tention to indexes which the library user 
may not realize exist. Reference books, 
sich as handbooks, dictionaires and di- 
rectories, should also be grouped in one 
area as an aid to finding information 
radily. The classification number of 
the Handbook of Chemistry and Physics 
nay be quite different from the Chemical 
Engineers’ Handbook, but if they are 
both located in a compact reference col- 
lection, they will both be found and used 
for the same question. The assigned 
rading material is best kept under li- 
tary control, as distinct from “open 
stacks,” to prevent its disappearance or 
at least monopoly on the part of selfish 
students. In this connection it is well to 
emphasize that instructors should always 
notify the librarian about assignments in- 
wlying library materials before the as- 
sgnments are made. This gives the li- 
brarian a chance to call in books that are 
charged out, order material not in the 
library and put all of the items under 
control for restricted use. It is even de- 
stable for the librarian to have a copy 
of all assignments made to students, 
vhether or not specific titles are recom- 
mended, to the end that the librarian will 
ke prepared to help the students find the 
weeessary information in the library col- 
on. 


Since no library will be able to accumu- 
late every item which will ever be re- 
quested, there will be occasions when the 
librarian will be asked to borrow material 
on interlibrary loan. The staff mem- 
bers should keep in mind that borrowing 
is asking a favor of the loaning library; 
it is not a right which can be demanded. 
The costs of mailing are usually paid by 
the borrowing library. It takes time to 
identify a requested item, to write and 
request if from a library that may have 
it, and for them to find it in their eol- 
lection, wrap and mail it and prepare the 
necessary records. In addition, such 
packages do not usually go by first-class 
mail, so that the transit time is often quite 
a bit longer than it would take a letter. 
Allin all, the whole transaction is apt to 
take more time than one would expect. 
The engineering staff should observe the 
following points in making use of inter- 
library loan facilities: 


1. Give the librarian as complete a ref- 
erence as can be ascertained from the 
source. 

2. Allow sufficient time for the material 
to be found and received. 

3. Use borrowed material quickly and 
return it promptly. 


An engineering library, such as the 
type we are discussing, is intended to 
serve a variety of groups—students, fac- 
ulty, research staff, and possibly loeal in- 
dustry. Every such library user should 
therefore consider the collection as avail- 
able to and used by all the other poten- 
tial readers. This means that material 
should not be kept in one’s office or labo- 
ratory for months or even years on end. 
Such “office collections,” made up of li- 
brary books, defeat the purposes of the 
library as a centralized, controlled and 
coordinated service for all groups. This 
is not to say that there is no place for 
office collections. If needed frequently, 
these books should be acquired personally 
or jointly with fellow workers, through 
special funds or through duplication of 
material in the library. Such duplica- 





tion should not be done at the expense 
of the building up of the library’s col- 
lection. 

Most laboratory research will benefit 
from a thorough study of the published 
literature which may have a bearing on 
the subject. Such a literature survey may 
turn up valuable data, thus preventing 
useless duplication or poorly planned in- 
vestigations. It will provide contact 
with new ideas, give a historical per- 
spective and add breadth to one’s present 
knowledge of a subject field. The library 
staff can be of assistance to the research 
staff in making a preliminary search 
through indexes, abstracting journals, 
handbooks and data books, bibliographies 
and similar reference tools, listing and 
locating suitable references for the re- 
search staff to study with more critical 
serutiny. The librarian can also help in 
finding specific data, since he is usually 
more familiar with a great variety of ref- 
erence books. 


The Library as a Teaching Tool 


The engineering librarian should know 
enough about the technical literature, in- 
dexes and resources to be able to help 
both students and faculty in locating a 
variety of material on requested topics. 
One aspect of this is the teaching of the 
scope of technical literature and the use 
of the library. This can be done either 
through a formal course on the subject or 
through one or more lectures in other 
courses, as Report Writing. 

Courses on the literature of a subject 
are more common in other fields, notably 
chemistry. Relatively little has been done 
along these lines in engineering schools. 
A step in this direction is the required 
one-unit course in Engineering Library 
Technique, offered in the Columbia Uni- 
versity School of Engineering, and taught 
by the engineering librarian, William S. 
Budington. The 1949/50 Announcement 
of the School states (p. 40): 


‘*All undergraduate students are required 
to become familiar with the more important 





248 INTEGRATING LIBRARY SERVICE WITH TEACHING AND RESEARCH 





scientific reference works and the use 
various indexes and card catalogues whi 
are essential to the intelligent use of mode 
library facilities.’’ 


At the University of California at Iq 
Angeles a course on “Technical Literaty, 
and Library Orientation” has been ¢. 
fered in the Engineering Extension Diy. 
sion. Due to several reasons—eveniy 
class, extra fees, not a required cours-~ 
it has not drawn many engineering sh. 
dents. It is hoped that such courses yi) 
be established within the regular eng. 
neering curriculum of many engineeriy 
schools, either as required or elective on 
or two unit courses. 

The departmental library also serve 
as an informal teacher by exposing th 
students more directly to the books ai 
journals than is usually possible in: 
large, closed-stack library. The student 
can go directly to the shelves and brovy 
through the collection, finding books the 
would not even have thought of lookix 
for in the card catalog. This is where th 
humanistic-social aspect of engineeriy 
education can be brought to the student 
attention in an inviting way. The eg: 
neering library should therefore provik 
a variety of books on applied psychology, 
economics, history of science and eivi: 
zation, biographies of engineers and st 
entists, scientific classics, and even some 
good fiction with a scientific or technial 
background. 

From this analysis we can conduit 
that, if the teaching and research stl 
will keep the librarian informed of it 
plans and projects, the library staff a 
build a suitable collection of library m 
terials and organize it for effective w 
The librarian can and should take an % 
gressive part in assisting both studetl 
and staff in finding printed material # 
specifie subjects and in making full usd 
the vast array of technical and relaid 
literature. Through such cooperation 
library can become an important and it 
tegrated part of the teaching and 
program of engineering schools. 
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Let’s Be a High School Freshman* 


By W. 8S. EVANS 
Head, Department of Civil Engineering, University of Maine 


At the Annual Meeting two years ago 
we were told that industry was willing to 
cooperate with us to the fullest degree, 
and I am frank to confess that I could 
not see how we could make use of this 
offer in a coordinated and efficient man- 
ner. I have a better idea now. 

Last year, representatives of prominent 
secondary schools told us that there was 
little hope that, by and large, our stu- 
dents would be better prepared in the 
future. This was not due to lack of de- 
sire on the part of school officials or to 
lack of ability but rather to the nature 
of the problem. Briefly, the type of sec- 
ondary school education which we can 
expect will be such that not only the 
average high school student may master 
it, but that the majority of such students 
may feel that they have accomplished 
something worthwhile when they have re- 
eeived a high school diploma, and that 
they may be eager to stay on in high 
school to achieve that end. 

We shall see mathematics more interest- 
ing rather than effective, we shall see 
physics and chemistry more descriptive 
rather than mathematical, we shall see 
more time devoted to the vocational sub- 
jects rather than to disciplinary drill in 
and mastery of those subjects which are 
more basic to a college education. While 
these tendencies which you and I have 
seen develop during the last twenty-five 
years are more or less general, there are 
opportunities in many schools for excel- 





; * Presented at the Annual A.S.E.E. Meet- 
ing in Seattle, Washington, June 23, 1950, 


before the Committee on Secondary School 
Relations. 
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lent college preparation. Of this there is 
no doubt and, except for the smaller coun- 
try school, of which my own state has 
hundreds, if a student knew when he en- 
tered high school as a freshmen, that four 
years later he would be attempting to 
gain admission to an engineering school, 
he could do much to bolster his prepara- 
tion. On the other hand, if many stu- 
dents who enter high school with definite 
plans to enter an engineering school knew 
more about the intellectual requirements 
necessary to successfully pursue an engi- 
neering education, if they knew that to 
take the engineering curriculum, many of 
them would have to sacrifice the pleasures 
and prestige which they might otherwise 
derive from extra curricula activities, 
they might wisely elect to try some other 
field. 

The high schools have a tremendous job 
to keep our boys and girls in school until 
they are eighteen, to say nothing of at- 
tempting to give particular groups spe- 
cial attention. Juvenile delinquency can 
be reduced and society in general may 
profit if our youth can be held in school 
through high school and thus have their 
efforts directed toward useful ends rather 
than permit them to hang around street 
corners and disreputable meeting places, 
indoors and out. Since the percentage 
of high school graduates who go to tech- 
nical institutions is very small, say be- 
tween one and two percent of the total, 
and perhaps 10% or 15% of the total 
going to institutions of higher learning, 
we can hardly expect even the larger 
school to carry special facilities for the 
small group. Let us give the secondary 
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school system due credit for doing a fine 
job with insufficient staff and funds and 
see what we can do to help them. Pos- 
sibly one way is through vocational guid- 


ance in any or all of several different - 


ways. 
What the High School Students Think 


When we think of vocational guidance 
we usually think of the many books and 
hundreds of articles written on this sub- 
ject. If we talk with the people for 
whom these books were intended, and who 
should read them, we will find that very 
few students who might have benefited 
by reading them have done so. This is 
especially true for the full size books. 
More have read the pamphlets, so perhaps 
we might conclude that the smaller the 
book, the more people read it. This may 
or may not be true, but as many questions 
could be asked concerning the best way to 
get at this problem of guidance, it was 
decided to ask representative groups of 
students just what has helped them most 
to wisely choose their vocation and pre- 
pare for it. I want to offer my sincere 
appreciation to Dean Roy M. Green of 
the University of Nebraska, Dean Everett 
D. Howe of the University of California, 
Dr. Ralph J. Smith of San Jose State 
College, Professor H. H. Hill of the Uni- 
versity of Oklahoma, Professor Karl N. 
Hendrickson of the University of Massa- 
chusetts, Professor W. Irwin Short of the 
University of Pittsburgh, Professor E. O. 
McLean of Rose Polytechnic Institute, 
Professor W. M. Lansford of the Uni- 
versity of Illinois, and Professor L. O. 
Stewart of Iowa State College, who se- 
lected a group of students in their re- 
spective institutions to write me personal 
letters expressing their ideas as to what, 
in their high school days, would have 
helped them most to wisely plan their 
life’s work. The specific request was to 
write me a short letter in answer to the 
following questions: 


1. Did they have adequate guidance 
during their high school course, as to: 


A. What type of work to pursue? 
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B. Whether or not they should go to 
college? 
1. What course to take? 
2. How to prepare for that course? 


2. What type of information helped 
them most, during their high school days, 
to plan their later life? 

3. What suggestions do they have as to 
how high school students could be helped 
most in planning their later life? 


It was further stated that it was not 
necessary to answer these questions as all 
that was wanted was a frank statement 
as to whether they had received adequate 
guidance in high school, and suggestions 
that might be used as a guide in attempt- 
ing to help future students. The results 
were more than pleasing. 

Many of the letters I would like to read 
in whole or in part, and I would like to 
thank each boy personally who wrote 
to me, but there is not time for the for. 
mer, and I’ve attempted to do the latter 
through the faculty member who secured 
their aid. I can list some very definite 
patterns as many of the letters wer 
strikingly similar even though they came 
from opposite ends of the country. The 
following statements are well substan- 
tiated by many replies: 


1. Guidance is needed most during the 
first and second years of high school. 

2. Although a few schools have wel 
organized guidance programs and ar 
doing much to help their students, there 
were very few replies which told of ade 
quate guidance throughout the four years. 

3. Several mentioned the need of a good 
testing program with follow-up confer- 
ences throughout the four years. 

4. From one set of twelve replies, five 
mentioned the desirability of having men 
from industry speak to the students 
Several others mentioned the need for 
information which could well be given it 
this way. 

5. Although the larger schools have bet- 
ter guidance programs, there is much t 
indicate that students in the smaller 
schools and smaller towns get much mor 
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personal attention that is greatly appre- 
ciated. 

6. Several mentioned the help received 
from university bulletins. If they were 
really helped by the ordinary university 
bulletin, it strains the imagination to 
think what could be accomplished if en- 
gineering schools were permitted to send 
out information designed for guidance. 

7. As would be expected, individual 
conferences are much more desirable and 
helpful than mass instruction. 

8. Many students feel their advisers 
are not well informed especially on tech- 
nical matters. 

9, Good guidance or lack of it seems to 
characterize no particular sections of the 
country. 

10. There is some indication at least 
that other fields are more talked about or 
talked up more than engineering. 


The above items could be increased by 
acareful study of the letters received but 
these ten clearly indicate that (1) there 
is an unquestionable need for more and 
better guidance, and (2) the best time for 
it is early in the high school course, that 
is, during the first or second year. 


What is Being Done? 


Along with the attempt to find out 
what was needed, an effort was made to 
gather information on what was being 
done. Letters were sent to all the sec- 
tions of A.S.E.E. and in all cases the an- 
swer was the same, “That nothing was 
being done.” Some work is being done 
by the service clubs, the most outstanding 
of which appears to be through scholar- 
ships granted by at least one club for 
the benefit of vocational guidance teach- 
ets, and through the organization of guid- 
anee groups throughout the country. 
These efforts are commendable and un- 
doubtedly helped many boys to wisely 
enter or keep away from the engineering 
profession. Although A.S.E.E. might se- 
cure some aid through the service clubs, 
the latter’s efforts alone cannot go far 
toward the solution of our problems. 

Some engineer clubs are also doing ex- 
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tremely extensive and valuable work in 
offering educational programs for voca- 
tional guidance teachers. Engineer clubs 
in several cities, especially the larger 
cities, are organized to give the kind of 
guidance necessary. Whether or not this 
service reaches the right student at the 
right time is not known, but they are 
still filling a much needed gap. From 
the city that has the best organized and 
most effective program comes the state- 
ment that in spite of all they are doing, 
the lack of information and the amount 
of misinformation is still tremendous. 

The engineering societies are doing the 
job as they see it and here again much 
valuable work is being done. Probably 
the most finely directed effort is being 
made by E.C.P.D. through its publica- 
tions. “Engineering as a Career,” “Man- 
ual for Committees of Engineers Who 
Aid Young Men Interested in Engineer- 
ing Education and in the Engineering 
Profession,” and its latest, “The Engineer 
and His Work.” These are all fine works, 
but in the many letters I received, only 
one reference was made to literature, 
other than university bulletins, which had 
been helpful. If this ratio of 1% is truly 
representative of those who are helped by 
reading, what hopes are there that any- 
thing published to date will, to any meas- 
urable degree, solve our problem? 

Some institutions such as Texas A. & M. 
put out what should be a very effective 
piece of work. It would be difficult for 
state universities in general to put out 
similar literature concerning engineering 
alone, and a similar treatment of the 
whole university would be too long to 
read. This type of effort should be kept 
up wherever possible. 


Industry’s Viewpoint 


Some industries are doing a great deal 
to promote engineering interests. Some 
ten or more years ago the Johns-Man- 
ville Corporation, realizing that the young 
men in their dealer organizations were 
not of such a type as could assimilate the 
training which they were offering through- 
out the country, set out to promote cur- 
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ricula in light building construction wher- dence of this, we have reports from al] 9. 
ever there was an opportunity. Needless sides that high school seniors are being ; 
to say, such curricula would be useless advised to keep away from technical 
unless young men could be attracted to schools because there are no opportunities ; 
them, so they published an attractive . in the technical field. If we are doing 

brochure listing the opportunities in the our job, these rumors could not persist, The 
light building field and the institutions I said, “If we were doing our job” but mean: 
offering the curricula. This was dis-_ is it our job to do? the re 
tributed to high schools and other educa- If the engineering schools were in a missit 
tional institutions throughout the coun- money making business, then attracting single 
try. I know this was effective since, as students to our door would definitely be our y 
one of the schools listed in this brochure, our job. If our job were to render a tries 

we have received inquiries from high service to American youth by giving a form 

school students and parents over the many of them a technical education a size, 
whole eastern part of our land. As far possible, then it still would be our job would 
as I know Johns-Manville has not em- and ours alone. As I see the situation, also i 
ployed a single graduate from my institu- we are rendering a service to our youth ties f 
tion, but nevertheless, I feel they rendered by giving them a technical education only can 0) 
the building industry and engineering in insofar as there is an opportunity for wome! 
general a great service by drawing atten- them in our industrial or business world. for o 
tion to the possibilities of this field. This We are rendering a service to industry 

type of publicity is effective. and business only insofar as we can pr- 


Let’s look at another industry, United ide them with well trained young men. 
States Steel. This industry is looking ‘he eommon factor here is industry. The 
forward to the time when there may be a type of young men we train and the num- 

* shortage of trained personnel. They plan jor we train is important to industry, not 
to forestall this possibility by drawing at- 4, ys nor to the young men, assuming they 
tention to the steel industry through their i414 find equal enpartanl tien  alesuill 
brochure “Steel Making in America.” Industry wants the young men, it's a 


This is aimed not at high school or col- job to supply them and the secondary 
lege students but at eighth graders, with schooP’s. job to prepare them for mil 


st hopes that others may read it. The the gap between high school. and soli 
rochure appears somewhat heavy and . Pie 
possibly too lengthy for their purpose, oh ~ great, and many students thinks 
but it is attractive and the idea is excel- 1 either the secondary schools must go 
lent. I hope it will accomplish the pur- higher or the colleges must start lower. 
pose for which it was intended. Many his is getting off our subject, but for 
other similar examples could be found, the secondary schools to do their best m 
but the above two are sufficient to illus- Preparing students for us, they must 
trate a means of partially solving this know what the students want as early 3 
problem of guidance. ‘possible. 

I do not want to give the impression For the student to make a selection is 
for a single moment that present efforts not an easy problem. He has no exper: 
toward vocational guidance at the high ence, little background and little or 
school level are ineffective or useless. knowledge of what it is all about. Its 
What the service clubs, the engineering hardly possible for him to answer a ques 
societies, the colleges and industry are tionnaire as he has no knowledge up0 
doing is excellent but we need more of it. which to base a comparison. It appea 
Vocational guidance in the high schools that two steps should be taken: 
is making tremendous strides, but I doubt 
if engineering and technical work is re- 1. Determine a student’s aptitudes # 
ceiving its share of attention. As evi- early as possible. 
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2. See that he gets as much informa- 
tion about as many things in a form 
he can understand as early as pos- 
sible. 


The high schools must develop the 
means of administering and interpreting 
the results of aptitude tests. Industry is 
missing an opportunity if it overlooks a 
single means of getting information to 
our young boys and girls. Many indus- 
tries are spending large amounts to in- 
form the public of their products, their 
size, their labor, and other policies. It 
would appear that they might do well to 
also inform our youth of the opportuni- 
ties for gainful employment which they 
ean offer to well trained young men and 
women. There are great opportunities 
for our youth upon whom the success 
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of our industrial future depends. Indus- 
try is willing and possibly we can help 
show them the way. 

In addition, what can we do? First, 
we, as members of our separate profes- 
sions, Civil, Electrical, Mechanical, etc., 
can stress, within our societies, the need 
for early guidance of our youth. Second, 
we, as members of A.S.E.E., can invite 
high school teachers to our section meet- 
ings and discuss these problems with 
them. Their teachers are willing, their 
guidance directors are willing, but they 
know too little of opportunities and re- 
quirements in technical fields. We can 
hammer on this subject at every oppor- 
tunity in our own towns and our own 


. states. Let’s not leave the job up to other 


agencies; we should do it ourselves. 
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A T-Section Transmission Line for 


Laboratory Work 


By L. A. WARE, Professor of Electrical Engineering and E. M. LONSDALE, Assistant Professor 
of Electrical Engineering 


State University of Towa 


In many schools at the present time, 
courses in Communication Transmission 
are given as part of the undergraduate 
curriculum. Instruction in this field is 
greatly facilitated by concurrent labora- 
tory work containing several experiments 
on the properties of transmission lines. 
Many experiments may be quite con- 
veniently conducted at audio frequencies 
using a lumped circuit artificial trans- 
mission line thereby eliminating many of 
the difficulties attendant upon radio 
frequency procedures. The purpose of 
this paper is to describe such a low- 
frequency line which has been in use at 
SUI for several years by the authors in 
the first course in transmission theory. 


Physical and Electrical Requirements 


A line, to be used for laboratory work, 
should, first of all, meet certain require- 
ments of a purely practical nature. 
These are five in number: 


1. The line should be as compact 
physically as possible to facilitate han- 
dling and storage. 

2. It should include a reasonable num- 
ber of sections so that curves plotted vs. 
length in sections will have a sufficient 
number of points. 

3. It should operate at a low frequency, 
perhaps between 500 and 10,000 eps. 

4. The arrangement of switches and 
terminals should provide flexibility so 
that a number of experiments can be 
performed with the same line without too 
much rearrangement of equipment. 
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5. It should be of the unbalanced-to- 
ground type in order that the standard 
testing and measuring instruments, CRO, 
VTM, etc., function properly. 


There are also some electrical require- 
ments which aim at obtaining well pro- 
portioned curves. In other words, the 
line should have values of a, the attenua- 
tion constant, and 8, the phase constant, 
which will produce at least a 4-to-l 
variation in the voltage over the length 
of the line. It was considered that the 
use of convenient values of a and 6 was 
of more importance than the representa- 
tion of an actual line. Thus no attempt 
was made to set L/C at the value of any 
existing line. The unit of length is the 
section and no reference is made to 
equivalent miles, meters, etc. The line 
to be described has the following con- 
stants at 1000 cps. 


a = 0.112 neper/section 

B = 0.382 rad/section 
ae 

Zr=R-j To 


where R = 199 ohms and C = 2.88 mfd. 
The parameters of the line which result 
in the above constants were selected so 
that each T-section consisted of two coils 
and one condenser without an additional 


resistor. The values of these parameters 
are as follows: 

R = 44.5 ohms (contained in two coils) 
L = 11.2 mh. (contained in two coils) 
C = 0.3 mifd. 

G=0 
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Fa. 1. 


The number of sections necessary now 
depends upon the above constants and 
the maximum phase shift desired. Since 
it was convenient to have a line of well 
over one wavelength in length, twenty 
sections were used. The general appear- 
ance of the line is as shown in Fig. 1. 

While this line was constructed for 
voltage measurements only, it is possible 
to make use of a current-measuring 
VTM if desired. 


Description of the Line 


As shown in Fig. 1, there are twenty 
sections, each one of which is made up of 
two coils and one condenser as repre- 
sented in Fig. 2. The inductances are 


Z,/2 z,/2 


R/2 L/2 L/2 R/2 








Fig. 2. » Components of one T-section. 
L = 11.2 mh., C = 0.3 mfd., R = 44.5 ohms. 











View of assembled line. 


air-core coils of about an inch in diameter 
and the condensers measure about 
6” X %” xk \".. The overall length 
of one section including switches is 3’’. 
The line is doubled back as shown in Fig. 
1 resulting in an overall length of 2’ 10’ 
including the terminals, ete. The width 
is one foot. The line is thus small 
enough to be used conveniently in the 
average laboratory, and this size con- 
stitutes the principal advantage of this 
line over those previously in use. 

The wiring diagram of the line is given 
in Fig. 3 where only the first and last few 
sections are shown. (It should be noted 
that the photograph of Fig. 1 is of an 
earlier model which does not agree with 
the switching of the 20th section as indi- 
cated in Fig. 3.) Toggle switches are 
used between sections to facilitate the 
necessary changes in the line during an 
experiment. Further, the use of toggle 
switches increases the reliability of the 
line since the contacts are self-cleaning 
and reasonably trouble free. 

Referring now to the wiring diagram 
of Fig. 3, it is seen that provision is made 
for easily connecting either terminating 
impedances or voltage-measuring instru- 
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Fia. 3. Wiring diagram of the artificial transmission line. 


ments into the line at any point, and also 
that any termination may be connected 
to the end of the line. The input 
terminals are a and cc, c being the grounded 
side of the line and common with the 
terminal d. The output terminals are 
d and f, across which any termination 
may be connected. Connection of volt- 
age-measuring instruments at any point 
along the line such as at the end of sec- 
tion 2 is accomplished as _ follows. 
Suppose that it is desired to make a 
series of readings of voltage along the 
line when terminated in a general imped- 
ance Z,. First, the termination, Z,, is 


Oscillator 





Connection for obtaining voltage readings along the line. 


connected to terminals d and f. The 
input terminals a and c are connected to 
an oscillator and a switch by which the 
reference input voltage, V,, may be ob- 
tained using a VTM or CRO. Refer to 
Fig. 4. The section switches of the line 
are all thrown to position z in Fig. 3, 
except for the one after section 2. This 
is thrown to position y and it is seen that 
this extends the line from a through the 
first two sections, then back to terminal 
b from which there is a connection to ¢ 
feeding back to the switch of section 2 
and into the remainder of the line. The 
VTM, or CRO, is connected across b-c 
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also, thus providing a convenient method 
of comparing the voltage at the output 
of section 2, V2, with the input voltage, 
V;,. By setting section switch 2 to the 
side x and setting the switch for section 
3 to y the voltage V; is determined, etc. 

The terminals are so arranged that it 
is convenient to carry out the procedures 
for a number of the simpler experiments 
quite easily. All communication labora- 
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tories conduct a number of such experi- 
ments and the application of this line 
will be immediately evident. 

The usefulness of the line may be ex- 
tended by providing a built-in charac- 
teristic impedance, Zo, with its associated 
switches, and by arranging additional 
resistance and capacitance which can be 
switched into each section in order to 
obtain different values of a and 8. 
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New SAE Automotive Drafting Standards Aim at 
Unified Industry Practice 


The new SAE Automotive Drafting Stand- 
ards, which are the fruit of more than three 
years labor of over 100 engineers, promise 
three chief gains: 

1. A uniformity of drafting instructions 
which will enable students and graduates 
to fit readily into the engineering depart- 
ments of the automotive industry. 

2. Uniformity in drawing practices within 
the industry which would simplify supplier- 
purchaser relationships. 

3. Improvement in military production. 
Heretofore, there has been much loss of time, 
money, ete., because of inadequate national 
and international drawing standards. The 
SAE is making every attempt to better these 
conditions. 

Automotive men have long felt the need 
for standard drawing methods for both inter 
and intra plant purposes. Time lost by 
vendors and buyers because of drawing mis- 
interpretation has proved costly and irksome. 
At times, even factory men of given com- 
panies have found difficulties understanding 
the drawings of their own engineering de- 
partments. Serious as this may be in peace- 
time, these delays are even more critical 
during war production. Realizing that these 
impediments to production efficiency could 
be largely minimized, the Society of Auto- 
motive Engineers appointed a committee to 
develop for publication, drafting standards 
for the automotive industries. The Drawing 
Division of the American Society for En- 
gineering Education is represented by Prof. 
J. Gerardi, Assistant Dean, College of En- 
gineering, University of Detroit, and Prof. 
Ralph T. Northrup, Head, Engineering 
Drawing Department, Wayne University. 


Industry is represented by companies such 
as Chrysler Corporation, Ford Motor Com- 
pany, Bendix Aviation Corporation, Interna- 
tional Harvester, ete. 

To obtain its objectives, the Steering Com- 
mittee has selected the most acceptable 
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drafting practices, consulting with drafts. 
men and engineers in all phases of the 
ground vehicle industry. The Standards are 
divided into two main parts—Fundamentals 
of Automotive Drafting Practice (Part I) 
and Specific SAE Automotive Drafting 
Standards (Part II). The Automotive 
Drafting Fundamentals (Part I) reflect the 
industry’s practice on basic drafting ele 
ments. The rudiments of lettering, section- 
ing, projections, and dimensioning are shown 
in detail. The two-place decimal dimension- 
ing system, which many automotive manv- 
facturers are now using, also is presented. 
A chapter is devoted to screw threads. 
Methods of designating and drawing the 
new Unified Threads (American, British and 
Canadian) are among the items covered 
here. The drafting fundamentals section 
also includes chapters on drawing revisions, 
layout, and checking. 

The Committee is convinced that the pub- 
lication of the section on drafting funda- 
mentals will be a useful reference for teach- 
ing drawing in colleges and technical schools. 
It feels that this publication can supplement 
basic drafting texts in preparing engineers 
for the automotive and allied industries 

Part II of the SAE Automotive Drafting 
Standards delineates procedures in more 
specific areas. It shows how to prepare 
drawings for castings, die castings, springs, 
powdered metal parts, and chassis frames, 
and how to specify surface finish. Expat 
sion of this section is contemplated for the 
future. 

Anyone who may wish further informatio 
regarding these standards may write to B 
C. Sackett, 808 New Center Building, Detroit 
2, Michigan, or the SAE Special Publica: 
tions Department, 29 West 39th Street, New 
York 18, New York. 

W. A. SILER, 
Chairman, 
SAE Drawing Standards Committe 
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A meeting of the Executive Board of 
the ASEE was held on Wednesday, No- 
vember 15, 1950, at the Carlton Hotel, 
Washington, D. C. Those present were: 
F. M. Dawson, President, H. H. Armsby, 
A. B. Bronwell, L. E. Grinter, G. A. 
Rosselot, C. L. Skelley, F. E. Terman, 
M. Wiltberger; and (by invitation), T. 
Saville, J. McKeon, and H. R. Beatty. 


Report of the Secretary 


The Secretary stated that the Society 
has received notice that the rates for pub- 
lishing the JOURNAL OF ENGINEERING 
EpucaTION would be increased approxi- 
mately eight per cent. This will add 
about $1700 to the publication costs, as- 
suming that the number of papers pub- 
lished is not diminished. 


Report of the Treasurer 


The Treasurer reported on the Internal 
Revenue Bureau ruling regarding legisla- 
tive activities of non-profit corporations. 
The following is an excerpt of Section 
29.101(6).1. Internal Revenue Code. The 
principal provision is: 

“No substantial part of (non-profit cor- 
poration) activities may be devoted to 
carrying on propaganda or otherwise 
attempting to influence legislation. An 
organization for propaganda purposes 
has been distinguished from an educa- 
tional organization as one organized to 
benefit and assist the aims of one class 
against another, to encourage the dissemi- 
nation of ideas in support of one doctrine 
as opposed to another, to the profit of 
one class, and to the detriment perhaps 
of another.” 


Lamme Medal 


Mr. Skelley also reported on his investi- 
gation of alternative plans for reducing 
the cost of the Lamme Medal in order to 


Minutes of Executive Board Meeting 





bring the cost of the Award in line with 
the income. The Society has been re- 
ceiving $116 each year from the Lamme 
Medal account, and the cost of the Medal 
alone is now approximately $167 per year. 
The cost of the Medal could be reduced 
either by reducing the size of the Medal 
(retaining the 10 kt. gold content), or by 
using a rolled gold Medal of the present 
size. Reduction of the size of the Medal 
would entail a cost of $150 for new dies. 
The Board voted to defer the decision 
until the March meeting, pending exami- 
nation of the Lamme deed. 


Reports of the Vice-Presidents 


Vice-President Armsby reported that 
Texas A. & M. College had submitted 
a satisfactory Constitution for a Branch 
of the Society. The Executive Board 
voted approval of this Branch. 

Vice-President Armsby reported that 
two Subcommittees of the Committee on 
Atomic Energy Conferences had been 
formed and had planned their meetings. 

Vice-President Armsby reported that 
T. Saville, S. C. Hollister, and himself 
had represented the Society at a meeting 
of the Engineering Manpower Committee 
held by the Engineers’ Joint Council. 
This Committee was formed at the request 
of the N.S.R.B. in order to provide rec- 
ommendations from the ‘engineering pro- 
fession for national policies relating to 
the utilization of engineering manpower. 

Vice-President Grinter presented the 
request from the First National Congress 
of Applied Mechanics for ASEE spon- 
sorship and financial assistance. The 
ASEE voted to co-sponsor the Mechanics 
Congress and voted to allocate up to $50 
to the expense of the meeting. 

Vice-President Grinter stated that a 
question had arisen as to whether Summer 
Schools might be sponsored by Sections 
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of the Society as well as Divisions. The 
Board voted to restrict Summer Schools 
to the subject matter Divisions of the So- 
ciety. However, there was no objection 
to Sections holding a Conference on Im- 
provement of Teaching if they so desire. 

Vice-President Grinter mentioned that 
President Heald had suggested the pos- 
sibility of appointing a Washington rep- 
resentative to maintain liaison with both 
legislative and operation developments 
dealing with engineering education, man- 
power, and research during the state of 
emergency. No decision was reached on 
this proposal. 

Vice-President Terman reported that 
the ECAC had cooperated with the ECRC 
in the preparation of programs for the 
meeting in Washington, D. C. on Novem- 
ber 16-17, 1950. These meetings con- 
sisted of panel discussions with represen- 
tatives from engineering education and the 
government, dealing with the subjects of: 
(1) Technical Manpower Requirements 
and Controls, (2) Emergency Educational 
Planning, and (3) Utilization of Research 
Faculties and Facilities. 

Vice-President Rosselot reported that 
the ECRC was considering the prepara- 
tion of a survey of research personnel 
and facilities in engineering colleges. He 
pointed out that similar surveys were 
being considered by (1) U. S. Office of 
Edueation, (2) Research and Develop- 
ment Board, (3) American Council on 
Edueation, and (4) The Department of 
Commerce. The ECRC Subcommittee on 
Cooperation with Military Agencies has 
concluded a tentative agreement with the 
Research and Development Board for this 
survey. An attempt will be made to pre- 
pare a single survey which would serve 
the needs of all government agencies. 


Educational Testing Service 


Professor H. R. Beatty reported that 
the use of the engineering tests pro- 
vided by the Educational Testing Service 
had declined sharply and that this por- 
tion of the testing program was operat- 
ing with an annual deficit. He stated 
that the Educational Testing Service was 


‘asked the 
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considering a further reduction in the 
volume of the tests and also, the possi. 
bility of selling the tests outright to en. 
gineering colleges. The Executive Board 
ECAC to assist Professor 
Beatty in a survey to determine which 
person in each of the engineering ¢ol- 
leges is responsible for engineering test- 
ing and also, to bring to the attention 
of the engineering deans and the persons 
in charge of testing, information about 
the E.T.S. tests. 


ECPD Charter Revision 


No action was taken on the proposal of 
ECPD to amend its charter, pending re- 
ceipt of later revisions to this amend- 
ment. . 


1953 Annual Meeting 


The Secretary reported that invitations 
had been received from Oklahoma A. & M. 
College, the University of Florida, Clem- 
son College, Pennsylvania State College, 
Iowa State College, the University of 
Illinois, and Case Institute-Fenn College 
in Cleveland. The University of Illinois 
will hold its fiftieth anniversary of engi- 
neering education in 1953 and has sug- 
gested that this be given consideration in 
the selection. No action was taken. 


Fontana Conference Resolution 


A Resolution by the Southeast Section 
requesting that the Society appoint a 
Committee to work with agencies of the 
federal government in developing suit- 
able programs for (1) the proper defer- 
ment and utilization of technical man- 
power (including engineering student 
deferment) and, (2) the planning of 
emergency educational programs. It was 
pointed out that the Coordinating Com- 
mittee on Relations with the Federal Gov- 
ernment was appointed to coordinate the 
Committees of the Society which are work- 
ing with the government agencies on these 
problems, and that the meetings of the 
ECAC and ECRC in Washington, D. C, 
were directed to the specific objectives set 
forth by the Southeast Section Resolt- 
tion. Also, a dinner meeting of represel- 
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tatives from the government and members 
of the ASEE Coordinating Committee on 
Relations with the Federal Government, 
had been previously planned to discuss 
informally the same problems, which were 
contained in the Resolution of the South- 
east Section. 


Junior College Committee 


The Junior College Committee of the 
Society has requested that the Executive 
Board and General Council consider the 
possibility of granting Division status to 
the Committee. The Executive Board 
voted to recommend to the Council that 
this matter be given consideration at the 
June meeting of the Council. 


Engineering Education Mission to Japan 


A request by the U. S. Army for the 
names of persons who might comprise a 
mission to advise Japanese educators on 
problems associated with engineering edu- 
eation, was discussed. The Executive 
Board decided to circularize the deans of 
engineering colleges to obtain names of 
persons qualified and available for such a 
mission. 


Certificate of Authority 


The Society has applied for permission 
to operate as a non-profit corporation in 
the State of Illinois. The application 


was rejected because the title of the So- 





261 


ciety was similar to that of the American 
Society of Industrial Engineers which is 
a non-profit Illinois corporation. The 
Treasurer volunteered to obtain legal ad- 
vice from his firm’s legal consultants. 


Amendments to the Constitution and By- 

Laws 

Several amendments to the Constitution 
which were favorably recommended by 
the Committee on Constitution and By- 
Laws were considered. The Executive 
Board voted to refer these Constitu- 
tional amendments to the three Councils 
of the Society for consideration at their 
next meetings. 


Additional Agenda Items 


‘The following items were considered 
by the Executive Board and recommenda- 
tions made to the General Council. These 
recommendations are summarized in the 
minutes of the General Council meeting. 


1. Annual Meeting—Dates and Gen- 
eral Sessions. 

2. ECPD Program of Professional De- 
velopment. 

3. Membership Status of Servicemen. 

4. Teaching Aids Committee. 

5. James H. McGraw Award Presen- 
tation. 

Respectfully submitted, 
ArtHurR B. BRONWELL, 
Secretary 











Minutes of General Council Meeting 


A meeting of the General Council of 
the ASEE was held on Thursday, Novem- 
ber 16, 1950, in the Carlton Hotel, Wash- 
ington, D. C. Those present were: F. M. 
Dawson, H. H. Armsby, L. E. Grinter, 
G. A. Rosselot, F. E. Terman, C. L. 
Skelley, A. B. Bronwell, T. Saville, C. J. 
Freund, H. W. Barlow, H. R. Beatty, 
C. E. Bennett, K. L. Holderman, H. K. 
Justice, J. D. Long (substitute), J. C. 
McKeon, M. B. Robinson, KE. A. Walker, 
M. T. Ayers, R. D. Landon, E. R. Me- 
Kee, L. G. Miller, K. F. Wendt, R. Z. 
Williams, M. Wiltberger, Guests: A. G. 
Conrad, Pemberton Johnson, J. I. Mattill, 
C. V. O. Terwilliger. 


Reports of Officers of the Society 


The reports of the Vice-Presidents, 
Treasurer, and Secretary are summarized 
in the minutes of the Executive Board 
meeting of November 15. A motion to 
accept the reports was passed. 


Amendments to Constitution and By-Laws 


Certain Amendments to the Constitu- 
tion authorizing the formation of “af- 
filiate branches” of the Society in Techni- 
cal Institutes, which had been favorably 
recommended by the Committee on Con- 
stitution and By-Laws, were considered. 
It was voted to refer these amendments 
to the ECAC, the ECRC, and to the Gen- 
eral Council at its June meeting. These 
Amendments will then be submitted to 
the Society membership for vote in con- 
formity with Constitutional provisions. 

The following Amendment, as an addi- 
tion to the By-Laws of the Society, was 
favorably voted by the General Council. 
This Amendment will be voted upon by 
the ECAC and the ECRC. The Amend- 
ment formalizes the operating procedures 
which have been practiced by the Society 
offices in the past. It will then be pre- 


262 


sented at a regular meeting of the Society 
for official vote. 

“The Secretary shall receive, disburse 
and account for all funds of the Society; 
shall be responsible for all properties, 
including securities; shall submit quar- 
terly financial statements to the Exeeu- 
tive Board; and shall be responsible for 
having the books audited annually. The 
Treasurer shall examine all monthly bank 
statements and the final audit, and shall 
be official adviser to the Executive Board 
on all financial matters. All disburse- 
ments shall be made in accordance with 
the approved budget or a direct appro- 
priation authorized by the Executive 
Board for a special purpose. 

All checks and vouchers shall be c- 
signed by the Secretary and the Treasurer 
of the Society. In the event of the ab- 
sence or incapacity of the Secretary, the 
Assistant Secretary is authorized to co- 
sign checks and vouchers; in the event 
of the absence or incapacity of the Treas- 
urer, the President is authorized to e- 
sign checks and vouchers. 

The Treasurer, the Secretary and those 
employees who handle funds shall be 
bonded at the expense of the Society.” 


Annual Meeting 


The Council decided to schedule two 
General Sessions at the Annual Meeting, 
to be held on Wednesday and Thursday 
mornings. 

A request of the Technical Institute 
Division to bestow the James H. McGraw 
Award upon the recipient at the Annual 
Banquet was deferred for further con- 
sideration. The Drawing Division has 
started an Annual Award and several 
other Divisions are considering similar 
Awards. It does not seem feasible to 
present all of the Division Awards at the 
Annual Banquet, and the Couneil ques 
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tioned the propriety of including one of 
thse Awards on the Banquet program, 
wt denying the same privilege to other 
Divisions of the Society. 

It has been the custom in the past for 
the host institution to invite the Council 
members and their wives to a dinner, the 
ast of the dinner being defrayed by the 
host institution. It was understood that 
each host institution should decide for 
itself whether or not it wanted to provide 
a dinner for the Council members and 
their wives, and that the host institution 
should not be obligated by precedent. 


Professional Training Program of ECPD 


Mr. McKeon presented a summary of the 
RCPD proposal for providing the engi- 
neering graduate in industry with a con- 
timation program of education and pro- 
fessional development during the first five 
years after graduation. This program 
vould include: (1) orientation and train- 
ing of the young engineer, (2) continued 
education at the graduate level, (3) in- 
tegration of the young engineer into his 
ommunity, (4) professional registration, 
(5) self-appraisal methods for evaluating 
personal characteristics, and (6) a bibli- 
wraphy of suggested reading material. 
Upon the recommendation of the Execu- 
tive Board, the General Council voted to 
endorse the ECPD project and appropri- 
ite $500 for the first year’s operations, 
ontingent upon appropriations being 
made by other engineering societies to- 
vard this project. 


location of the 1953 Annual Meeting 


Invitations have been received from 
Oklahoma A. & M. College, the Univer- 
sty of Florida, Clemson College, Penn- 
ylvania State College, Iowa State Col- 
kge, the University of Illinois, and Case 
Institute-Fenn College in Cleveland. 
President Dawson requested that the 
Council members express their views on 
their choice of location for the next An- 
mal Meeting. 


Membership Status of Servicemen 


The General Council voted to continue 
te membership of persons in the armed 





services on an inactive membership status. 
Their dues would be waived during the 
period of active military service, and 
their names would be removed from the 
Society mailing list. However, such per- 
sons would be permitted to resume their 
active membership in the Society upon 
completion of the military service with- 
out interruption in their membership 
record. 


Manpower Survey 


The Manpower Committee of the ECAC 
has proposed to conduct a survey to de- 
termine the availability of recent gradu- 
uates in terms of their distribution in 
essential and non-essential ocupations, as 
related to the rearmament program. The 
General Council had previously appro- 
priated $1,000 for a slightly different man- 
power survey, contingent upon an equal 
appropriation by E.J.C., the ASEE ap- 
propriation being used subsequent to 
that of E.J.C. It was decided to allow 
the ECAC to proceed with the new man- 
power survey and use the appropriation 
on the terms originally granted by the 
Council. 


Southeast Section Resolution 


The discussion of the Fontana Resolu- 
tion of the Southeast Section is summa- 
rized in the minutes of the Executive 
Board meeting. 


National Science Foundation 


The National Science Foundation Bill 
has been enacted into law. The Presi- 
dential appointees for the Science Foun- 
dation Board contain three members of 
the ASEE. These are: (a) A. A. Potter, 
(b) D. H. MeLaughlin, and (c) E. L. 
Moreland. The Council voted that: (1) 
the names of the ASEE representatives 
be transmitted to the individual Council 
members, (2) that each Council member 
be personally responsible for transmitting 
this information to the dean of his col- 
lege, and (3) that the deans be urged to 
write letters to their Senators requesting 
confirmation of these appointees. 
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Teaching Aids Subcommittee 


Vice-President Grinter stated that the 
Teaching Aids Subcommittee of the Divi- 
sion of Educational Methods had re- 
quested full Committee status in the So- 
ciety in order to provide closer Society 
supervision over the funds collected and 
expended by the Committee and also 
to focus attention of the Society mem- 
bership upon the work of the Committee. 
The Committee plans to review and cata- 
log aeceptable teaching aids for engineer- 
ing instruction. A motion was approved 
that the Subcommittee be given full Com- 
mittee status and that this Committee 
should report to the Vice-President in 
Charge of Divisions and Committees. 
This will be a temporary Committee which 
will be discharged upon completion of 
the project. The Council recommended 
that the Division of Educational Methods 
continue its Subeommittee on Teaching 
Aids in order to carry on the work after 
the newly formed Committee has been 
discharged. 


ROTC Units in Technical Institutes 


A resolution of the Technical Institute 
Division for the establishment of ROTC 
units in Technical Institutes was dis- 
It was pointed out that the es- 


cussed. 
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tablishment of ROTC units in colleges of 
the country had been conducted on th 
basis of individual application by the el. 
lege to the Army and Navy, and that th 
same procedure could be followed by Tech. 
nical Institutes. 


Unity of the Profession 


Dean Saville reported briefly .on th 
development of the intra-engineering y. 
ciety conference on Unity of the Profe. 
sion. These developments are summarize 
in the minutes of the June meeting of th 
General Council. 


UNESCO Representation 


It was voted to investigate the posi- 
bility of ASEE becoming a permanent 
participant in UNESCO. 


Life Memberships 


The General Council voted that life 
membership should be conferred upon the 
following applicants: E. L. Clarke, Pf, 
Ellis Johnson, J. C. Gray, C. B. Stanton, 
A. F. Greaves-Walker, C. T. Bishop, 
H. L. Seward, Guy H. Hunt, and W.¢. 
Krathwohl. 

Respectfully submitted, 
A. B. Bronwetl, 
Secretary 
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Section 


Allegheny 


Illinois-Indiana 


Kansas-Nebraska 


Michigan 


Middle Atlantic 


Missouri 


National Capital Area 


New England 


North Midwest 


Ohio 
Pacific Northwest 


Pacific Southwest 


Rocky Mountain 


Southeastern 


Southwestern 


Upper New York 


Section Meetings 


Location of Meeting 


Carnegie Institute 


Northwestern 
University 


Kansas State College 


General Motors 
Institute 


Rutgers University 


University of 
Missouri 


Naval Ordnance 
Laboratory 


Rhode Island State 
College 


University of 
Minnesota 


Ohio State 
University 


University of Idaho 


Stanford University 


Buena Vista Hotel 


Texas A. & M. College 


Clarkson College 


Dates 
April, 1951 


May 19, 1951 


Oct. 13-14, 
1950 


May 20, 1951 


May 12, 1951 
April 7, 1951 
Feb. 6, 1951 

May 12, 1951 


Oct. 13, 1951 


1951 


March 22, 23, 
24, 1951 


Oct. 12-13, 
1951 





Chairman of Section 


D. F. Miner 
Carnegie Institute 
W. C. Knopf 
Northwestern 
University 
Kenneth Rose, 
University of Kansas 
H. M. Dent, 
General Motors 
Institute 
C. H. Willis, 
Princeton University 
R. J. W. Koopman, 
Washington 
University . 
R. B. Allen, 
University of 
Maryland 
W. C. White, 
Northeastern 
University 
E. W. Johnson, 
University of 
Minnesota 
W. F. Brown, 
University of Toledo 
A. S. Janssen, 
University of Idaho 
E. D. Howe, 
University of 
California 
J. E. Christiansen, 
Utah State 
Agricultural College 
E. B. Norris, 
Virginia Polytechnic 
Institute 
R. L. Pourifoy, 
Texas A. & M. College 
W. H. Allison, 
Clarkson College 


Members of the Society are welcome at all Section Meetings 
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A COMPLETE 
PRINTING 
SERVICE . 


GoobD PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For over sixty years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 
languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS - BINDERS +: ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 
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TREFETHEN’S Geology For Engineers 


By Joseph W. Trefethen. An introductory text for sophomore and junior 
ineering students. Ample enough for a full year course—yet adapt- 
able to one-semester course. 620 pages, Cloth, Illustrated, $5.75 





HOUSNER AND Hupson’s Applied Mechanics 


By George W Housner and Donald E. Hudson, Both of The California 
Institute of Technology. VOL. I. STATICS—For sophomore course with 
freshman physics and mathematics as prerequisites. 220 pp., 6 x 9, 
Cloth, Illus., $3.50. VOL. II. DYNAMICS—Designed for junior 
course. Contains chapters on advance dynamics making it suitable for 
senior or graduate students. 295 pp., 6 x 9, Illus., $4.50 











TIMOSHENKO AND MacCULLOUGH’S 3rd EDITION 


Elements of Strength of Materials 


By Stephen Timoshenko and Gleason H. MacCullough. Many revisions, 
additions and new illustrations in this new edition which includes partial 
or complete answers to all problems. 426 pp., 6 x 9, Illustrated, $5.00 





ROBERTSON AND BLACK’S 
Electric Circuits and Machines 


By Burtis L. Robertson and Leonard J. Black. For mechanical engineer- 
ing students, this text provides a strong minor in electrical engineering. 
Great emphasis placed on problems. 434 pp., 6 x 9, Illus., Cloth, $5.00 


SHEPHERD’S 
An Introduction 


To The Gas Turbine 


By Dennis G. Shepherd. Material covers gas turbines generally and is 
useful for all applications, not just aircraft as in most existing gas tur- 
bine literature. 387 pp., 834 x 534, Cloth, $5.00 


If You Teach or Direct These Courses 
EXAMINATION COPIES Are Available to You 














D. VAN NOSTRAND COMPANY, INC. 


PUBLISHERS SINCE 1848 
250 FOURTH AVENUE NEW YORK 3, NEW YORK 





ALTERNATING CURRENT CIRCUITS 
Third Edition 


By Russet. M. Kercuner, Kansas State College 
ond Grorogs F. Corcoran, University of Maryland 


A practical, modern approach to theory and practice ... 

Alseraating Current Circuits thoroughly covers both theory and practice, 
emphasizing fundamentals. These fundamentals now include an introduc. 
tion to active network analysis, a more basic approach to the concepts of ~ 
attenuation and phase shift, and a straight forward method of designing 
double-tuned circuits, . 

The authors treat such important topics as energy measurement in ~ 
polyphase circuits, electric filter theory, symmetrical components, and 
short circuit calculations, This third edition has been thoroughly modern. 
zed to focus attention on recent developments. a 
Fonuary 1951 Approx. 602 pages Prob. $5.50 





ELECTRIC ILLUMINATION 4 
Second edition, by Jouw O, Kragnensusut, University of Illinois. Pre 
sents principles of specification and design of electric lighting for commercial = 
and industrial buildings. January 1951. Approx. 463 pages. Prob. $6.00. © 


PUBLIC HEALTH ENGINEERING x 
Volume II by Eanrts B. Pusxrs, University of Florida, with Warter D. — 
Tispsmam, New York State Department of Heakh. Applies principles of ~ 
sanitation to the production, handling and distribution of food, from the ~ 
public health viewpoint. November 1950. 213 pages. $4.00. 4 


The PREFABRICATION of HOUSES _ 
By Buawnam Katty, The Massachusetts Institute of Technology. A com- © 
prehensive treatment includimg a brief history of prefabricated houses, a 
summary of the present state of the industry, and actual working data. ~ 
February 1951. Approx. 396 pages. Prob. $6.00. 


Send for copses on approve 


JOHN WILEY & SONS, Inc. q 
420 Fourth Avenue, N.Y. 16, N.Y. © 











